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ABSTRACT

Jabara, Cathy Lynn. Ph.D., Purdue University, May 1979. Agricul
tural Comparative Advantage Under Uncertainty: The Cnse of ScncgaL.
Major Professor: Dr. Robert L. Thompson.

The traditional theory of comparative advantage demonstrates 

that if every country specialized in the production and export of 

commodities in which it is the relatively least cost producer in 

exchange for commodities in which it is a relatively high cost pro

ducer, both global welfare and the welfare of each trading country 

would be maximized. However, these implications are derived under 

assumptions of perfect certainty. Agricultural trade is character

ized by two forms of uncertainty. First, climatic inputs in agricul

tural production are stochastic and not under the farmer’s control. 

Second, future international prices are uncertain, known at best in 

a probability sense.

Due to uncertainty in international markets for agricultural 

commodities, many countries, especially LDC’s, have become reluctant 

to follow a comparative advantage trade strategy. Because prices 

cf imported food grains are uncertain, many LDC’s are promoting 

programs to achieve self-sufficiency in food grains. These counfries 

c.re also advocating international commodity programs to stabilize 

prices of agricultural commodities. Thus, it appears that uncer

tainty in international markets is an important criterion in
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formulating trade policy in practice.

The objective of this research was to analyze agricultural 

comparative advantage for a small country under conditions of un

certainty in international trade. Senegal, a small, open economy 

was chosen for the case study. Traditionally, Senegal has exported 

peanut products and imported cereals. Most observers have argued 

that this policy is consistent wLth Senegal’s comparative advantage. 

In recent years, however, a program of substituting domestically

produced for imported cereals has been promoted in Senegal.
i

To analyze agricultural comparative advantage for Senegal, 

a regional, Duloy-Norton type linear programming model of the agri

cultural sector of Senegal was developed. The model includes acti

vities for agricultural production, trade, processing, marketing, 

consumption, and interregional transport. Under the assumption 

of risk aversion for participants in the agricultural sector, risk 

activities for international prices and domestic production of traded 

crops were included. Risk was incorporated in the model through 

an (E,<j>a) formulation of utility for international trade activities. 

For the comparative advantage analysis, base year prices in the 

model were adjusted, via shadow prices, to correct for price dis

tortions in the Senegalese economy.

The results of the empirical analysis indicated that:

1) Under certainty conditions, Senegal has a comparative 

advantage in peanut production and a comparative disad

vantage in cereals production;



xiv

" 0

2) With uncertainty in international prices and in domes

tic export production, production of cereals increases 

at the expense of peanuts;

3) With risk in domestic production of import substitutes 

as well as the above-mentioned sources of uncertainty, 

the pattern of comparative advantage is not clear. 

Comparative advantage depends upon the relative weights 

associated with the various sources of uncertainty.

?
Results of the empirical analysis indicate that, depending 

upon the degree of uncertainty and the source of uncertainty, a 

snail country may be better off at a more diversified position than 

would be prescribed by conventional trade theory. This suggests 

that domestic import substitution programs which distort internal 

prices to reflect risk may be optimal from an economic point of 

view.



CHAPTER I

INTRODUCTION

The agricultural sector of Senegal has traditionally specialized 

in the production and export of peanuts as a source of rural income 

and export earnings. Specialization in peanuts is the result of Sene

galese development strategy which has been based upon exporting peanuts 

in exchange for cereals on the international market. Most observers 

have argued that this pattern of specialization and trade is consistent 

with Senegal’s comparative advantage in international trade E27, p. 2~],

In recent years, however, the official food policy of the govern

ment of Senegal has been one of substitution of domestic cereal sup

plies for imports in order to diminish the dependence of Senegal on 

external sources for cereal grains C71, 90̂ ]. The specific goals of this 

program are to expand production and promote increased consumption of 

domestically supplied cereal grains, and to check imports of cereals 

through price policies.

The rationale for such an import substitution policy is largely 

based upon Senegalese reluctance to depend upon international markets 

for supplies of food grains. This reluctance is defended largely on 

the basis of uncertainty in international prices of food grains. Ac

cording to official policy, the reasons for this program are that 1)
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due to uncertainty in peanut prices and a poor market outlook, Senegal 

could possibly be unable to pay for cereal imports in the future, and

2) Senegal would like to avoid potential balance of payments problems 

which could arise from fluctuations in the prices of imported cereals 

[27, pp. 213-224].

The classical theory of comparative advantage demonstrates that 

if each country specialized in the production and export of the com

modities in which it is the relatively least cost producer in exchange 

for commodities in which it is a relatively high cost producer, the 

real income of each trading country and the world as a whole would 

be maximized. This implies that free, undistorted trade is the first 

best policy for all countries to follow.—  ̂ However, these implica

tions are derived under the assumptions of perfect certainty. Agri

cultural trade is characterized by two forms of uncertainty. First, 

there are climatic inputs in the agricultural production process 

which are stochastic and not under the farmers' control. Moreover, 

fjture international prices are uncertain, known at best in a proba

bility sense.

The current trade strategy pursued by the government of Senegal 

should not be viewed in isolation, but, instead, as a policy which is 

typical of the policies followed by many other less-developed coun

tries (LDC’s) as a response to uncertainty in international trade, 

because LDC’s export mainly primary products for which export prices 

are uncertain, it has long been argued that these countries are

—  This abstracts from the optimum tariff argument by which a large 
exporting country may increase its own incomo. at the expense of 
the rest of the world.
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It is frequently argued that such fluctuations have a disruptive in

fluence on the economic growth of LDC’s through destabilizing effects 

on domestic investment, consumer income, government revenue, and 

on the capacity to finance imported goods.— ^

At the same time, attention has been focused on the growing food 

deficit of the LDC’s and their dependence on world supplies of grain 

fcr satisfying this deficit through world trade. It is argued that 

this latter situation is disadvantageous to LDC’s because of generally

low and/or uncertain foreign exchange reserves and because of the in-
2 /s'.ability which allegedly characterizes international grain markets.—

particularly susceptible to large fluctuations in export earnings.

—  The literature on export instability is ambiguous about the actual 
relationship expected to hold between fluctuations in export earn
ings and economic development. The problem was first conceptualized 
in a United Nations’ study in the 1950's in Cl27l. This study found 
high levels of instability in markets for several commodities tra
ded by LDC's. This instability was attributed to concentrations of 
LDC exports in primary commodities. Coppock C28j and MacBean C66U 
both attempted to empirically test the above findings. Using data 
for 83 countries from 1946-58, Coppock found that commodity concen
tration had a low correlation with export instability and that the 
effect of instability on LDC growth rates was insignificant. Mac-

" Bean found that there were no large differences in levels of export 
instability between developed countries and LDC’s. He also found 
no relationship between growth of LDC’s and fluctuations in export 
earnings. Erb and Schiavo C3813 used the same stability index as 
Coppock but updated their data to 1954-66. They found that during 
these years average instability of LDC exports was twice as large 
as for developed countries. Glezakos C4 3H, using Coppock’s data 
with a different instability index, found instability greater for 
LDC’s and that export instability was negatively related to income 
growth. For a survey of this literature, see C6l[].

2/—  This view is based upon a pessimistic outlook of the export poten
tial for LDC export products as well as uncertainty in international 
markets. See Sanderson [l02j and Brandao C19, pp. 7-181 for a dis
cussion. However, according to C1913, the evidence is inconclusive 
that LDC’s are faced with a declining terms of trade for export 
products vis-a-vis imports.
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Because of the uncertainty which arises out of International mar

kets, policy proposals of LDC governments and international agencies 

have tended to disregard the potential role of exports in financing 

rising imports and of international prices for guiding the use of re

sources. Instead, these proposals have typically supported government 

intervention on a national and international level for the purpose of 

reducing uncertainty in international prices and trade revenues.

For instance, at the national level, many food deficit LDC's have 

recently proposed to reduce uncertainty associated with food 'imports 

by promoting self-sufficiency in food grains as a priority development 

goal

On the international level, the United Nations Conference on Trade 

and Development (UNCTAD) has proposed a program of action for the in

ternational community aimed at creating more stable conditions for 

LDC trade. The specific proposals of this program include the crea

tion of international buffer funds for stabilizing international prices 

of primary commodities, use of governmental supply and purchase arrange

ments, index linking of the prices of LDC exports to the prices of

imported manufactures, and expansion of the existing I.M.F. Compensa-
2/tory Finance Facility for stabilization of LDC export revenues.—

~  The self-sufficiency objective was a resolution of the World Food 
Conference in Rome. See Sanderson Cl02J for a discussion.

2/— For a discussion of the Integrated Program for Commodities, see 
Warley Cl32l.



While the rationale for implementation of the above programs 

varies among LDC's, clearly an important goal of these programs is 

to reduce the perceived uncertainty arising out of international 

trade in primary commodities for the less-developed countries.— ^

However, at the same time, through the introduction of government 

policies which may distort relative prices and incentives, such pro

grams interfere with the workings of international markets and their 

role in the efficient allocation of resources according to the prin

ciple of comparative advantage. However, it is quite clear from re

cent developments that the LDC’s are no longer willing to formulate 

their trade policies on the basis of comparative advantage, but are 

implementing trade policies which, from their point of view, are 

aimed at reducing the uncertainty associated with international 

trade.

The Problem

The classical theory of comparative advantage is essentially a 

i tatic model which has been developed under the assumption of perfect 

knowledge. The theory implicitly assumes a riskless world In that 

:he producing country knows with certainty the production and trad

ing possibilities which are available. The theory also assumes that 

producers can respond instantaneously to any changes in prices or costs.

— Shei and Thompson Cl04l and Johnson [581 have noted that greater 
international commodity trade restrictions via buffer stocks, 
commodity agreements, or domestic trade restrictions actually 
lead to greater price instability in world markets.
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In reality, however, neither of the above assumptions is valid, 

especially in the case of agricultural commodities. Certain factors 

of: production such as climatic conditions, disease, and pests are 

not under the fanner's control. They are, in effect, stochastic 

arguments of the agricultural production function. Uncertainty in 

E^ricultural production thus means there are stochastic arguments 

of the export supply function as well as import demand function. As 

a result, prices of agricultural commodities tend to be uncertain.

In addition, year-to-year variability in the prices of traded,commodi

ties associated with unexpected shifts in demand and supply as well 

as seasonal price variations cause international prices of agricul

tural commodities to be unstable.

The static model of comparative advantage essentially prescribes 

an efficient allocation of production and trade based upon compari

son of relative costs of production among countries. However, because 

of the uncertainty arising out of international trade in primary com

modities, it has become evident that LDC's are increasingly reluc

tant to follow a free trade strategy based upon the assumptions of 

the static model of comparative advantage. This would suggest that . 

:he static theory may be inadequate for explaining trade flows for 

:ommodities in uncertain markets and that, to be more empirically 

relevant, the definition of comparative advantage should be modified 

to account for uncertainty in international trade.

Modification of the static comparative advantage model to ac

count for uncertainty in international trade involves essentially 

the addition of the risk cost associated with uncertainty in



international trade.—  ̂ Thus modification of the static theory will 

provide a different criterion by which to determine what is an effi

cient allocation of resources, production, and trade for an open 

economy. More specifically, this new criterion will prescribe an 

efficient allocation of resources based upon comparison of relative 

costs, but these costs will now be modified to include costs associ

ated with risk in international trade as well as the relevant finan

cial or "real" costs.

The analysis Of comparative advantage with explicit account

taken of uncertainty may reveal that the import substitution policies

followed by many LDC’s are not suboptimal policies from their own

perspective, as often judged by the traditional criteria. In effect,

assuming that there is a cost associated with uncertainty in intema-
2/tional trade for a small trading country,— deviations from the free 

trade strategy may increase the welfare of the country, at the expense 

of the rest of the world, relative to the free trade case.

Importance of the Problem

The problem of uncertainty in international trade is particularly 

important in Senegal, the country on which this study is focused.

—  ̂To avoid confusion as to what is meant by the terms ’risk’ and 
’uncertainty’ .these terms will be defined here. Uncertainty is 
referred to as a situation in which the outcome of an action is 
not certain. Risk has to do with an uncertain outcome for which 
some loss (or loss function) is associated C29, pp. 121-1231.
This definition is in contrast to the one given by Knight C60, 
p. 2331 in which risk and uncertainty are distinguished based 
on whether or not the probability distribution of the outcomes 
is known.

2/— A small trading country is one which cannot influence world market 
prices.
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Senegal has traditionally produced and exported peanuts in order to

finance imports of cereal grains.

The extent of Senegalese dependence on exports of peanuts and

derivative products is shown in Table 1. During 1970-75, export

revenues from peanuts and derivative products, oil and meal, averaged

about 42 percent of the total value of Senegal’s export earnings.

Of the peanut export revenues shown, raw peanuts constitute only 3

percent, whereas exports of peanut oil and meal constitute 70 percent
1/and 27 percent, respectively.—

'Export revenues from peanut production are highly susceptible to 

variations in world market prices and to variations in domestic yields. 

Being a rainfed crop, peanut yields are closely related to climatic 

conditions, especially the amount and distribution of rainfall.

From Table 1 it can be seen that export revenues from peanuts have 

tended downward since 1968. This decline is largely due to the drought 

in Senegal from 1968-73 and to the increase in the international
2/I rice of phosphates, Senegal's second largest export since 1973.—

Up to 1966/67, Senegalese exports of peanuts and oil equivalent 

: enefited from a preferential accord with France which guaranteed a 

purchase price above the prevailing level of international prices. 

However, at present in the absence of the price guarantee, Senegal 

is dependent upon world market prices for export earnings. Senegal

—  ̂After the 1970/71 crop year, only peanuts for eating were exported 
in the raw form.

2/—  In 1972/73 phosphates accounted for about 10 percent of export
revenues. Due to the world price increase, phosphates represented 
24 percent ot' total export revenues in 1974/75.



Table 1. Exports of Peanut 
1967-1975.

3- /Products— and Total Exports, Senegal,

Year

Value of 
Exports 

(millions CFA)

Total Value 
of Exports 
(millions CFA)

Percentage 
of Total

1967 26,317 34,045 77.3

1968 26,914 37,485 71.8

1969 17,153 31,900 53.8

1970 20,444 42,200 48.4

1971 12,388 34,700 35.7

1972 28,788 54,312 53.0

1973 15,275 43,237 35.3

1974 33,977 93,973 36.2

1975 40,318 99,101 40.7

a/— Includes peanuts, peanut oil (refined and unrefined) and cake. 

Source: C32, 15, p. 1851.

is currently the largest exporter of peanut oil (51.6 percent of the 

international market in 1975) and the second largest exporter of 

peanut meal (26 percent of trade in 1975) El28l. Despite these 

relatively large market shares, Senegal has limited capability to in

fluence world prices because both peanut oil and meal have a number of 

eycellent substitutes in other edible oils and high protein meals.

Tie share of Senegal's peanut meal and oil exports in world trade 

in all oils and meals is quite small.
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The situations for cereal imports is summarized in Tables 2 

and 3. As can be seen, Senegal has a substantial deficit in cereals 

consumption which is satisfied through external sources. During 

1970-75, 35 percent of total annual consumption of these food grains 

was imported, on the average. These imports represented about 13.A 

percent of the total annual value of Senegalese imports for this 

period, and 52 percent of the average value of export earnings from 

peanuts.

Rice is the most important cereal imported into Senegal. During 

1970-75, rice imports constituted about 63 percent of the value of 

total cereal imports and 72 percent of the average total consumption 

of rice. Wheat imports are the second largest source of cereal im

ports, constituting 18.9 percent of the value of cereal imports,

Table 2. Importations of Cereals by Volume and as a Percentage of 
Total Consumption, Senegal, 1967-75.

Year

Imports , 
of Cereals— 
(tons)

Total Consumption 
of Cereals 
(tons)

Percentage of 
Imports in 

Total Consumption

1967 224,372 844,644 26.6
1968 242,044 995,740 24.3
1969 324,379 907,412 35.8
1970 255,084 971,295 26.3
1971 363,996 912,633 39.9
1972 290,175 902,354 32.2
1973 450,458 876,002 51.4
197A 328,093 941,180 34.9
1975 218,590 896,100 24.4

£ /
— Includes imports of milled rice, com, wheat, and millet/sorghum.

Sources: [[30, p. 2, 32U.



Table 3. Imports of Cereals in Absolute Values and as a Percentage of the Value of Total Imports, 
Senegal, 1967-75.

Year

Imports of 
Cereals 

(million CFA)

Imports of 
Rice 

(million CFA)

Total 
Imports 

(million CFA)

Rice as 
Percent 

Total Cereal 
Imports

Imports of 
Cereal 

as Percent of 
Total Imports

1967 6,985 5,512 38,850 78.9 18.0

1968 8,249 7,048 44,529 84.9 18.5

1969 8,152 4,675 51,299 57.7 15.9

1970 5,252 3,335 53,558 62.6 9.8

1971 8,683 4,639 60,651 53.0 14.3

1972 6,969 4,252 70,289 61.0 9.9

1973 15,093 9,519 79,766 63.1 18.9

1974 22,031 18,032 119,376 81.8 18.4

1975 11,288 6,050 124,616 53.6 jp 9.1

Sources: E30, p. 9; 136, p. 306; 32̂ ].
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whereas millet/sorghum and maize constitute 3.8 and 6.6 percent, re

spectively [30, PP. 9-12].

Practically all of the wheat consumed in Senegal is imported and 

consumed in the urban areas. Millet and sorghum are the staple food 

crops throughout Senegal (60 percent of per capita consumption of 

cereals). Imports of these grains are made largely to satisfy ur

ban demand in the Dakar area. The quantity of rice consumed is second 

to millet and sorghum (28 percent). Production and consumption of

rice is indigenous only in the southern regions of Senegal. ..In the i <
rest of the country, consumption of rice has been made possible by 

the Government’s willingness to import large quantities of rice for 

both rural and urban consumption.

Wheat and maize are consumed in lesser quantities (7.2 percent 

and 6.8 percent, respectively). Imports of maize are largely for 

urban consumption in the Dakar area, as is the case with millet [30, 

pp. 35-37].

The food policy of Senegal in recent years has been focused on 

attainment of self-sufficiency in cereals. Implementation of this 

objective has concentrated on an import substitution program of domes

tic cereal production for imports of cereals. The specific goals of 

tiis program are to expand production and promote increased consump

tion of millet/sorghum and maize in urban areas and to expand rice 

production along the Senegal River in the North and in the southern 

part of Senegal. At the same time, the government plans to check 

domestic demand for rice and wheat through pricing policies C7l].
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Except in a drought year, Senegal is basically self-sufficient 

in the cereals consumed in rural areas (millet/sorghum, maize, and 

rice in the South). Thus the trade problem confronting the Senegal

ese is whether to continue importing cereals for urban consumption 

or to implement policies which will promote further increases in 

cereals production to provide a steady supply for the urban areas.

The current evidence available suggests that the Senegalese, due to 

uncertainty in international markets, are opting for the import sub

stitution solution.f

Obj ectives

Given the apparent importance of risk and uncertainty in the for

mulation of the current trade policies of Senegal, as well as other 

IDC’s, the overall objective of this thesis is to analyze the current 

trade policy options open to the Senegalese policy makers from the 

perspective of comparative costs as modified to account for the cost 

of risk in the various alternatives. The current trade options open 

to the Senegalese include: 1) continue to export peanuts in exchange

for cereal grains, 2) promote increased domestic production of rice, 

millet/sorghum, and maize at the expense of peanut production as a 

substitute for cereal imports into the urban sector, and 3) in addi

tion to (2), promote long run investments in irrigation infrastruc

tures as a means 'to increase domestic production of rice.

The specific objectives of this research are to

(1) Develop a theoretical model of agricultural comparative 

advantage for a small, open economy which includes risk



in order to analyze the implications of risk for pro

duction and trade;

(2) Develop a model of the agricultural sector of Senegal 

which can be used to analyze the current trade options 

open to Senegal from the perspective of the theoreti

cal model developed in (1);

(3) Analyze Senegal’s trade options under certainty and un

certainty using the model developed in (2). The analy

sis of the trade options for Senegal in the uncertainty 

case will differ from the analysis in the certainty 

case through the addition of the uncertainty or risk 

costs associated with domestic production of tradable 

commodities as well as with international prices.

(4) Draw implications from the results of the analysis in 

(3) which will be useful for policy makers in Senegal in 

the formulation of trade policy.

The results of the empirical model will be useful to inform poli

cy makers in Senegal of the various trade strategies open to Senegal 

in the certainty and uncertainty cases. The results will also show 

tie various agricultural production alternatives which are feasible 

fsr Senegal in a program of import substitution. The model will pro

vide estimates of- shadow prices for fixed resources which can aid 

policy makers in the evaluation of alternative production goals.
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Review of the Literature

Theoretical Studies

In economic theory, two basic models of comparative advantage 

have been formulated. The Ricardian model of comparative advantage 

is a two-commodity, one-factor trade model in which transport costs 

are assumed negligible and labor (the sole factor of production) is 

assumed perfectly mobile within each country but immobile between

countries [122, Chapter 4]. In the Ricardian model, the basis oft
comparative advantage arises from cost differences which are due to 

differences in labor productivity or technology. The Ricardian solu

tion for international trade is for each country to specialize com

pletely and export that commodity in which it has the greatest relative 

cost advantage.

An alternative formulation to the Ricardian model is the Heckscher- 

Ohlin (H-0) model of comparative advantage [122, Chapter 3]. The H-0 

model retains the assumptions of the Ricardian model except that the 

model allows for two factors of production, and production technolo

gies are assumed to be identical in both countries. In this model 

differences in relative factor endowments are the determinant of com

parative advantage. The H-0 model concludes that, with full employ

ment everywhere of each factor of production, each country will ex

port (import) the commodity which is relatively more intensive in the 

factor which is relatively more (less) abundant in that country. Com

plete specialization will not normally occur.

The modern theory extensions of comparative advantage theory 

involve in addition to relative factor endowments, such factors as
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technological change, human capital, and the product cycle as deter

minants of comparative advantage. However, these extensions all 

share the common assumption of perfect certainty with respect to 

international prices as well as in the production function.

Several theoretical studies have been developed which examine

uncertainty. Tumovsky’s model examined the pattern of trade under 

different assumptions of price and production uncertainty, arid under 

different attitudes toward risk. Ruffin examined the pattern of trade 

under price uncertainty giving special attention to the income elas

ticity of demand. Both models found that under uncertainty in a Ri

cardian model different patterns of diversification can occur, given

tne assumptions, and that specialization is not necessarily the optimal 

solution.

Batra [9l has developed a theoretical model examining the impli

cations of uncertainty for the H-0 model of comparative advantage.

Batra found that the H-0 theorem, i.e., that the capital abundant 

country should export the capital intensive good, continued to hold 

under uncertainty if factor abundance is defined in terms of factor- 

price ratios.

In addition to the above models, Brainard and Cooper El8]] and 

Feder, Just, and Schmitz [4lH have developed models which employ a

—  For a review of the theoretical literature on risk and uncertainty 
in international trade, see Pomery C85^.

international trade under uncertainty.—  ̂ Ruffin [94^ and Tumovsky 

C126H have developed Ricardian models of comparative advantage under

• < )

■ #



neoclassical production possibility frontier in order to examine 

the implications of uncertainty for trade. Brainard and Cooper de

veloped a theoretical model of international trade under production 

and price uncertainty, and then used mean-variance analysis to examine 

the implications of diversification for reducing instability in inter

national trade. Feder, Just, and Schmitz introduced price uncertainty 

and storage into their model. Their study develops several proposi

tions about the pattern of trade and diversification when storage is 

available to spread risk over the time period. The conclusion of 

tl is study was that with storage, price uncertainty affects not only 

output but also the storage of the output for future use.

Empirical Analysis of Comparative Advantage

Although empirical trade analysis is difficult, economists have 

had much interest in attempting to empirically measure comparative 

advantage. The first empiricists began with consideration of factor 

endowments and intensities and then proceeded to analyze trade patterns. 

However, this approach has not been particularly successful and econ

omists have spent as much time explaining paradoxes as testing hypo

theses. Studies by Baldwin [4] and Hong [49] have indicated that 

measurement of comparative advantage through examining relative fac

tor endowments, i.e., capital labor ratios, is incomplete because 

such factors as quality of inputs, transport costs, natural resource 

intensities, technological differences, and demand patterns often have 

important influences on the pattern of trade.



Another approach to the measurement of comparative advantage 

was introduced by Bruno C23, 24] and Krueger [63] and more recently 

applied by Pearson C82]. These authors have suggested using the 

Domestic Resource Cost (DRC) method to estimate comparative advan

tage, where DRC is defined as the opportunity cost in terms of factors 

of production employed directly and indirectly of a net marginal unit 

of foreign exchange. According to this method, a country has a 

comparative advantage in the production of a commodity if the DRC 

ratio is less than the shadow price of foreign exchange. The larger 

t'lis divergence, the greater the degree of comparative advantage.

Chenery ^26] has pointed out that the DRC is an explicit measure 

of comparative advantage. According to Chenery, a country has a com

parative advantage in the production of a commodity if the social 

cost of production is less than the border price. DRC is essentially 

a restatement of comparative advantage if the opportunity cost of 

domestic resources used in production of a commodity is less than the 

shadow price of foreign exchange.

Bruno C23] has suggested using a linear programming framework to 

estimate comparative advantage based upon DRC methodology. Measure

ment of comparative advantage involves comparison of the opportunity 

cost of production of a unit of the export (import) commodity with 

the price at which the product can be exported (imported). The LP 

irodel uses input-output data for the derivation of the shadow prices 

of scarce factors of production such as land, labor, capital, and 

foreign exchange which are used to measure domestic production costs.



With the exception of the early study by Brainard and Cooper 

[18], there are no known empirical studies which take risk into ac

count. Up to this study, research in this area has been largely 

theoretical in nature.

Corparative Advantage of African Countries

Using the DRC, Pearson and Meyer [83] analyzed the comparative 

advantage in coffee production of several African countries (Uganda,

Tanzania, Ethiopia, and the Ivory Coast). Several studies of compara
i

tive advantage of African countries using the DRC approach are also 

found in [84].

The Stanford Food Research Institute is currently undertaking 

DRC studies of comparative advantage in rice production among West 

African countries, including Senegal. A previous study by Belassa 

[4j indicated that Senegal produces rice at a comparative disadvan

tage and that this disadvantage would persist under any exchange 

rate.

What is important to note about the above studies, however, is 

tha: risk and uncertainty have not been taken into account in the 

measurement of comparative advantage. This suggests that the next 

step in the estimation of comparative advantage is to extend the the

ory' and attempt an empirical application of this theory to estimate 

comparative advantage under uncertainty. The case study for the empi 

rical analysis is Senegal, an African country for which uncertainty 

in :.ntemational trade appears to be an important factor in the fonnu 

lati.on of recent trade policies.
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Organization of the Remainder of the Thesis

The next chapter of the study presents the conceptual framework 

of comparative advantage under uncertainty. Chapter III contains 

ti-e empirical model development and a brief description of the data 

used in constructing the model. The results of the empirical model 

are presented in Chapters IV and V. The final chapter, Chapter VI, 

presents a summary, conclusions, and suggestions for further research

[■?;
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CHAPTER II

THEORETICAL FRAMEWORK

In this chapter, the theoretical framework for the analysis of 

comparative advantage in Senegal will be presented. The chapter is 

divided into two main sections. The first section presents a theo

retical definition of comparative advantage for a small trading 

country first under conditions of perfect certainty and then under 

conditions of uncertainty in trading possibilities. The second 

section of this chapter discusses the theoretical considerations for 

empirical measurement of comparative advantage based upon the domes

tic resource cost (DRC) methodology. The DRC methodology is the 

basis for the empirical measurement of comparative advantage employed 

in Chapter III.

Comparative Advantage:

A Definition

The modem version of the theory of comparative advantage is 

essentially a simplified form of static, general equilibrium theory 

which assumes perfect information and instantaneous production. Assum

ing world market prices are undistorted, the optimum pattern of trade 

for a country is determined by comparing the opportunity cost of pro

ducing a given commodity with the price at which it can be imported
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or exported [26, p. 19]]. In equilibrium, no commodity is produced 

which could be imported at a lower cost, and exports are expanded 

until the marginal revenue from an additional unit of exports equals 

its marginal cost.

At the same time that an optimal—  ̂ pattern of trade is determined, 

the comparative advantage principle also prescribes an optimal pat

tern of domestic resource allocation based upon comparative costs. 

According to the classical theory, international trade arises because 

of differences in relative costs among countries in the production of 

the same commodity. The comparative advantage doctrine explains 

international trade because traders can profit by exporting commodi

ties with low relative domestic production costs and importing commo

dities with high relative domestic costs. Thus, in the absence of 

trade, the system is in disequilibrium. Provided the import price 

is less than the opportunity cost of production, international trade 

allows for imports to be secured at less than their domestic real cost 

of production.

This definition of comparative advantage can be demonstrated
2/through the following mathematical model.—  Assume a two-sector econ

omy which produces two commodities X and Y. The production frontier

for the economy is defined as

— Optimal refers to "welfare maximizing" as employed here.
2/— This method of analysis is based on Brainard and Cooper Cl8D.

However, the model has been extended to include a nonspecific 
form of the utility function in contrast to the quadratic
utility function in Cl8H.
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(3) Y «= F (X ) with F < 0 and F < 0, p p 1 11

which indicates the maximum amount of Y the country can produce for 

each specified level of X. The derivative F^ (X^) shows the amount 

ol production of Y which must be given up to produce an incremental 

unit of X. Thus, it represents the domestic cost ratio of X in terms

o 1 Y. Under the assumptions of full employment and perfect compe

tition, F^ (Xp) is equal to the market value of the factors used in

production of X in their best alternative employment (Y).
f

The country is assumed to be able to engage in international 

trade. Specifically, it can trade P units of Y for each unit of X. 

Under the small trading country assumption, P is given exogenously 

and thus it is beyond the country’s control. With trade, production 

and consumption are linked by the relationships

(2) X * X - X c p e
Y «= Y + PX c p e

where the subscript c refers to consumption, p to production, and e 

to exports (imports if negative). Note that, in real terms, the 

balance of trade is in equilibrium with imports of Y equal to the value 

of exports (in terms of Y), PX .

The objective of the country is to maximize utility, U, where

(3) U = U (X , Y ).c c
/ & A.

Maximization of (3) subject to (2) yields the following equilibrium
wconditions
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' i U

(A) ««/, = U]L + U2F1 = 0
*P

U/3.

U2 =  3,

(5) U/3 - -U3 + U2P - 0.

These equations indicate that to maximize utility, X^ and X^ should 

be chosen so that

(6) Fx (Xp) = -Ul7 and

(7) P = Ui/u2 *

Substituting (6) into (7) yields the condition

(8) F. (X ) = -P,
1 P

which states that production of X should be expanded until the marginal 

revenue equals the marginal cost.

The second order conditions require the Hessian matrix, H, to be 

negative definite where

H

32U/ X 32U/3X3X 
8 * p e

’f y x a x  ^ V xe p e

and



These results are illustrated in Figure 1 below. Curve FG rep

resents the production possibility frontier for producing goods X

and Y. This curve represents the locus of efficient production points.
i

In the absence of trade, the optimum production point is at A where 

the production frontier is tangent to the indifference curve. With 

trade, the country can improve its position by shifting the composi

tion of its production from A to B, that is, increasing production of 

X and exporting the surplus X for imports of Y. Note that production 

of X is increased until the cost of X, F^(X^), is equal to the inter

national price of X in terms of Y. The new pattern of consumption is 

defined where the price line is tangent to the indifference curve at

c.

The conclusion of the comparative advantage model presented above 

is based on the assumption that trading possibilities are known with 

certainty. In reality this assumption is not valid. Uncertainty in 

the trading possibilities of a small country arises from variability 

In world prices as well as from variability, especially in the case 

of agricultural products, in the quantities available for trade aris

ing from the stochastic nature of the production process. In the next 

section, this model will be modified to account for price as well as 

production uncertainty.



Figure 1. International Trade with Perfect Certainty as to Trading 
Possibilities.

Uncertainty in Price

In the presence of uncertainty, it is assumed that the country 

seeks to maximize expected utility, ECU], from consumption. With price 

uncertainty, P is a random variable with density function g(P) and 

mean eCpU = P. In order to make the comparison with the certainty 

case meaningful, it is assumed that P = P in the certainty case.

Maximizing E[U] = eO jCX^jY^)] subject to (2) now yields the fol

lowing equilibrium system:

(9) = E[U1 + V l ] = E[U1] + FlE[U2] ■= 0
P



Noting that E[U,P] - eEU-DeO H  + cov [l^P], (9) implies that

(11) F (X ) = and
1 p “ ffup

E[UnD - cov Cu,p]
(12) 5 ■ ■ e[u 2] ..  ■ •

rhus, it is evident in this case that

P ^ -F. (X ) according to whether cov CuoP] ^ 0*< 1 p ( z >

The sign of the covariance term can be determined by examining 

how U2 and P are related. Assuming Xg > 0 (X is exported), then an 

increase in P contributes to an increase in Y^ and, if the decision 

makers are risk averse, the covariance of and P is negative.—  ̂

Similarly, if decision makers are risk lovers, the covariance will
' #

be positive. With risk neutral decision, makers, the covariance terms 

is equal to zero.

Under risk aversion, which is the most common assumption, and 

with Xg > 0, P > -F^(Xp). This implies that the country will move 

to a point on the production possibility frontier corresponding to 

less production of X and more of Y than in the case of price certainty. 

In other words, the cost of domestic production of X has been increased

— Assuming that the utility function satisfies the assumptions of 
Von Neumann-Morgenstern utility theory, the sign of the second 
derivative of the utility function, U, determines the individual’s 
attitude toward risk. Specifically, if U^i = 0, the individual 
is risk neutral. If U ^  < 0, the individual is risk averse. If 
U n  > 0, the Individual is a risk lover. See Arrow C2] for a dis
cussion.



by an amount equal to the penalty or subjective risk cost to the 

economy for bearing risk. Exports of X would decline.

If Xg < 0, i.e., X is imported, the covariance term will be posi

tive for risk averse decision makers and negative for risk lovers.

In this case, P < “^(X^), assuming risk aversion. The country will 

move to a point on its production frontier corresponding to less pro

duction of Y and greater production of X than in the certainty case.

In this case, imports of X would decline.

}
Uncertainty in Domestic Production and in Prices

In addition to price uncertainty, it will now be assumed that 

decisions are made on the basis of expected production of X and Y.

It will be assumed that actual output of X and Y differ from expected 

output by a multiplicative random variable.

(13) X = X • y, y * 1 P P

Y = F(X ) . e, e = 1.P P

In this case, y and e could represent the influence of weather, dis

ease, pests or any other factor which is beyond the control of the pro

ducer and which makes the actual level or yield from production uncer

tain. For simplicity it is assumed that P, y, and e are independently

distributed and that X >0.e
Maximizing expected utility, E[uU, subject to (2) and (13) ob

tains the following equilibrium conditions
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(14) ” ECU^ + U ^ e ]  = eCU^D + F1ltU2eD = 0 
P

1|D£1 „ E[_Ui + u2p] = -eCu^  + e[u2pD - o.
e

If there is no uncertainty in the production of one output, say Y, 

i.e., e = 1, then the equilibrium conditions can be rewritten as

E[U ] + cov [U y]
(15) -F (Xp) = -----g — ,-------

and t

ElXH - cov [U.P]
f - ' - T lu^J----—  ’

covCl^Pl] + cov [U^y]

which imply

(17) _Fi(Xp) = p + ----- -------------- < p.

In this case, production of X would be unambiguously less in the presence 

of uncertainty.— ^

On the other hand, if there is no uncertainty in the production 

of X, i.e., y = 1, the equilibrium conditions are

eD^D
18) F1 = E[U2] + cov Lu 2'c □

and
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S k  E[u.] - cov [U,P]
^  (19) E[UJ----—

Taking the ratio of (18) and (19) yields

-F1 eCu xD E[u2D
,20) - y -  - (ipjp - cov [U2P]) ’ (eUu^ + cov [U^])

The first expression on the right is less than unity, while the second 

expression exceeds unity. In this case, uncertainty in production of

Y and in relative prices work in opposite directions. If uncertainty 

in production of Y dominates, -F^(Xp) > P, and production of X will 

be greater than in the certainty case. If uncertainty in prices 

dominates, < anc* Pr°duction Y will be greater and pro

duction of X will be less than in the certainty case.

A final case to be considered is production uncertainty with equal 

uncertainty in the production function for each commodity. This con

dition implies that X and Y are subject to the same random disturbance 

so that

(21) X = X • g and Y = Y • e,P P P P *

where z is a non-negative random variable with Ede] =1. In this 

case, assuming no price uncertainty, the equilibrium conditions are

•COV [u ell + E[u ]
(22) -F1 (Xp) = cov L U ^  + ELU2J

and

9
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ECU.]

(23) ? “ e[u2J

Substituting (23) into (22), it appears that -F1 ~ P depending on 

the utilities associated with variations in the production of each 

commodity. If the covariance terms vary In the same proportion, then 

production patterns will be unchanged. If uncertainty in the produc

tion of X dominates, then -F. (X ) > P, and production of X will be1 p
less than in the certainty case. If uncertainty in Y dominates,

( '
-F, (X ) < P, and production of X will be greater and production of 1 p
Y will be less than in the certainty case.

Application to Senegal

The results derived above with respect to the effects of uncer

tainty on resource allocation and trade for a small country can be 

applied to the case of Senegal. This is done through a simple illus

tration.

Assume the agricultural sector of Senegal produces two commodity 

groups, peanuts and cereals, which are produced with two factors of 

production, land and labor. The supplies of land and labor to agricul

ture are assumed fixed and fully employed, for simplicity. The produc

tion functions for cereals and peanuts are of the following form:

(24) X = G(K , L )e EdeU = c G f > 0p x x
G" < 0

Y - F(K , L )p E[p] - 5  F ’ > 0
F" < 0
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where X^ refers to peanut production, Y^ refers to cereal production, 

and the subscripts x and y for land (K) and labor (L) refer to peanut 

and cereal, respectively, and e and y are random variables with means 

eCcU and ECy], respectively. The variables e and y could represent

the effects of weather, disease, pests, or any other factors which

affect crop production in Senegal.

Senegal exchanges peanuts for cereals on the international market

at terms of trade P. P is also assumed to be a random variable with
i

mean eCpH = P. The model is summarized in the following form

(25) Max E[U] *= E[U (X , Y )]c c
S.T, X = G(K , L ) - X^c x x e

Y = F(K , L ) + PXc y y e
L + L = Ly x
' K + K = K x y

where X refers to domestic consumption of peanuts, Y refers to domes- c c
tic consumption of cereals, and X£ refers to exports of peanuts in 

exchange for cereals.— ^

The first order equilibrium conditions for the above maximization 

problem are

(26) | | C A  = GjECl^e] + F jE C U ^ D  = 0
X

— Note that it is again assumed that the balance of trade is equal 
to zero. This is actually a weak assumption because in reality 
the Senegalese depend upon the agricultural sector to generate 
a surplus on the balance of trade to finance imports for develop
ment as well as consumption purposes. This assumption is relaxed 
in the empirical model.
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<27> I T 1 ■ G2ECU1e: + F2E[V ] ■ 0X

(28) . £[.^3 + e[u2p] = 0.
e

Assuming that only the trading price P Is uncertain, I.e., 

e ■ y ■ 1, the equilibrium conditions reduce to 

-F -F cov[U,P]
<29) -----q  ’ f + “ eCTjT  •

Assuming risk aversion on the part of decision makers in Senegal, this
f

equation states that less of the agricultural resources in Senegal 

should be allocated to production of peanuts and a larger amount of re

sources allocated to cereals production when price uncertainty is intro1 

duced.—  ̂ Alternatively, (29) states that, under uncertainty in trading 

prices in a small, open economy such as Senegal, the real net import

price to the country will be increased subjectively by the term 
cov [U2P]

to cover the cost of bearing risk.

With production uncertainty, however, the allocation of resources 

may be different. Depending upon the relative magnitude of production 

uncertainty in the two crops, production of peanuts (cereals) could be 

increased or decreased relative to the certainty case, where:

-F ECUj] + cov ClJ1e]

'i0) "G" “ E[U2] + c’0vTu>'J

the marginal cost of production of 

used in production of cereals.

1/ - ~^1 ”F1—  P > -T7 - where — —  represents
G1 G1

peanuts in terms of land (K)



If peanut production is more uncertain than cereal production, then

it is expected that peanut production (and exports) will decrease and

cereal production will increase relative to the certainty case.— ^

If cereal production is more uncertain in Senegal, then it is expected

that peanut production (and exports) will increase relative to cereal 
2/production.—

In the presence of price and production uncertainty, the equil

ibrium allocation of resources between cereals and peanut production 

will depend on the relative effects of the different sources of uncer

tainty. For instance, if cereals production were riskier than peanut 

production and the terms of trade were relatively certain, then it is 

expected that production of cereals would decrease and production 

and exports of peanuts would increase relative to the certainty case. 

However, if cereals production were uncertain, but import prices of 

cereals were even more uncertain, it would be expected that production 

of cereals would increase relative to the certainty case. If the 

tarms of trade and peanut production were relatively uncertain, it

, -F _ cov [U-e]
— In this case —^— = P 4--- E^u""]—  < P *

-F^ E[U ] ^
-  I” this case,-^ = + coy ^ ^ y  Taking the ratio of this

equation to (31) yields " 1 (EjlU?]) • P. Thus, with
_F G1 (ELup + cov [U2y])

risk aversion, __1 =
Gi
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would be expected that peanut production and exports would decrease. 

Conclusions

The results of this section have shown that with uncertainty in 

trading possibilities, the resulting pattern of production (and trade) 

for an open economy will be different than the production pattern 

which would prevail under traditional assumptions of comparative ad

vantage, assuming perfect certainty. In general, uncertainty in pro

duction or prices;involves an additional cost to the exporting or im

porting country for risk bearing which must be included in relative 

ccst calculations. These additional costs alter the relative produc

tion pattern which would be prescribed by comparative cost calcula

tions under the certainty assumption.

Theory for Empirical Measurement of 

Comparative Advantage— the DRC Methodology

In this section, the DRC methodology for empirical measurement of 

comparative advantage will be discussed. This methodology is the 

be sis for measurement of comparative advantage in the empirical model 

developed in Chapter III. For simplicity, this discussion assumes

certainty in international trade possibilities. Introduction of risk
i

is discussed in Chapter III.

The DRC Methodology

Empirical measurement of comparative advantage has generally been 

based upon principles of project evaluation. According to the
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9 definition of Chenery, a country is considered to have a comparative 

advantage in the production of a commodity if the social opportunity 

costs of producing an incremental unit of the commodity are less than 

the border price C26]. This definition is based upon the concept of 

social costs and, hence on the distinction between private and social 

profitability. A country is assumed to have a comparative advantage 

in the production of a commodity if its production is socially profit

able.
\

The concept of social profitability is based upon the discrepancy 

between private and social valuation of commodities and factors of 

production which arises when market prices do not reflect scarcity 

values. If (a) all production units are profit maximizers, (b) there 

are no product or factor market distortions, and (c) externalities 

are non-existant (or offsetting), then private profitability will be 

equal to social profitability and market prices will provide the cor

rect values for determining the social profitability of the project, 

rowever, since these conditions are rarely satisfied in any economy, 

market prices must be adjusted to obtain the relevant shadow prices 

vhich are required for appraisal of comparative advantage.

In this context, net social profitability (NSP) is defined as 

the net gain (or loss) associated with the jth project when all com

modity outputs produced and factors of production employed are evalu

ated at their social opportunity costs T81, p. 7]:*-■

—  ̂NSP is often referred to as the net present worth or present 
value criterion.
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(1) N S P j - j ^  >ij P± - I fsj Vs,

wl- ere is the quantity of the ith commodity output produced by the 

j t h project, is the shadow price of the ith commodity output in 

domestic currency, f is the quantity of the sth factor of produc

tion used by the jth project, and V is the shadow price of the sth" S "
fe.ctor of production in domestic currency. Comparative advantage in 

the production of the j_th commodity is implied if NSP > 0.

For commodities which are tradable, i.e., exports that earn for

eign exchange or import substitutes that save foreign exchange, and 

commodities which use tradable factors of production, a second defini

tion of NSP is [81, p. 9]:

m -

(2) NSP = (U - 5 ) V - E f V 
j J J 1 s=2 j s

where is the total value at world prices of the output of the j th 

commodity, m^ is the total value of foreign factor costs used in pro

duction of the j_th commodity, is the shadow price of foreign ex

change, and fSj and Vg are defined as previously. This latter defini

tion reflects the adjustments required to correct for an improper 

valuation of domestic currency vis-a-vis foreign currency through the 

shadow price of foreign exchange.

The domestic resource cost of foreign exchange earned or saved 

(IRC) measure of comparative advantage is obtained directly from (2). 

Setting (2) equal to zero and solving for obtains:
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m f ..
(3) DRCj = £ Sj s “ DC

-f

8=2 Y 5j NVAj

where DC^ is the opportunity cost of domestic resources employed by 

the jth activity and NVA^ is net foreign exchange earned or saved.

A direct relationship between DRC and NSP can be obtained by 

substituting (3) into (2) to obtain:

(A) NSP = (V1 - DRC^CUj - m ).

Thus when NSP is zero, the DRC measure is equal to the shadow price of 

foreign exchange. Similarly, when NSP is positive, DRC is less than 

V. , and when NSP is negative, DRC is greater than V^. Hence, a coun

try has a comparative advantage in the production of a commodity if 

the opportunity cost of domestic resources used in its production per 

ur.it of net foreign exchange earned is less than the shadow price of 

foreign exchange.

- Estimation of agricultural comparative advantage using the DRC 

or NSP methodology assumes that: 1) the world price of the commodity

is given, 2) costs of production, input-output coefficients, and 

technology are given, and 3) shadow prices of inputs and outputs are 

given or calculable. This information can be utilized in a linear 

programming framework to. estimate comparative advantage.—  ̂ For

—  Bacha and Taylor C3] have criticized the use of a programming model 
for measurement of comparative advantage because 1) relationships 
are often estimated with tariff distorted prices and, hence, do not 
reflect true scarcity values, and 2) because long run substitution 
possibilities are generally ignored in linear models. To the ex
tent that the prices in the model are corrected for distortions, 
however, criticism (1) is not applicable to this study.
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resources which are specific to the agricultural sector, land and 

labor, shadow prices are generated directly in the model solution.

For factor costs which are not specific to the sector, such as capi

tal and foreign exchange, and for traded commodities, shadow prices 

must be determined a_ priori and charged to the model.

Es :imation of Shadow Prices

Techniques for project evaluation have been developed by Sen,

Marglin, and Dasgupta [103], Harberger [AA], Squire and Van der Tak
i

[121] and others. While all of these methods are similar in that 

the analyst corrects for divergences between the market prices of 

the commodities and the social or true prices, a major difference 

exists among these methods in the choice of a numeraire. The correc

tion for the divergence can be done either (a) by taking the foreign 

currency price of the commodity and multiplying by the shadow exchange 

rate to get the shadow price of the commodity in domestic currency 

or .b) using the foreign currency price of the commodity as the sha

dow price, in which case foreign currency is the numeraire.

The method of correction used in this study is to use the domes

tic currency (CFA) of Senegal as the numeraire. Market distortions 

in commodity prices are corrected for by valuing the costs of the 

factors used in production of the commodity at their relevant shadow 

prices in domestic currency. A brief survey of the methods of shadow 

pricing used in this study is presented in the following sections.
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€ #  Shadow Prices for Traded Outputs-^

The appropriate shadow price for an imported commodity in per

fectly elastic supply should be valued, or costed, at the c.i.f. 

border price plus the relevant marketing margin revalued at account

ing prices Cl21, p. 88], Similarly, exported commodities in perfect

ly elastic demand should be valued, or costed, at the f.o.b. price 

minus the relevant marketing margin revalued at accounting prices Cl21, 

p. 88U. The rationale for this treatment is that, due to the infinite 

elasticity assumption, the impact of increased demand, or increased 

supply of, such commodities is only on trade. Thus production of 

imports (or import substitutes) or exports increases the availabili

ty of foreign exchange by an amount equal to the quantity produced 

tines the relevant border price. The infinite elasticity assumption 

ensures that domestic prices remain unchanged.

Shc-dow Prices for Traded and Non-traded 
Material Inputs

The shadow price for a traded material input is also its value 

in terms of border prices. For material inputs which are in perfectly 

elastic supply, this value is the price c.i.f. (in the case of imports) 

or the price f.o.b. (for exports).

For nontraded material inputs, the shadow price depends upon

—  These shadow prices are derived assuming the small trading country 
assumption.



conditions of supply and demand in the home market. However, due to 

m£rket imperfections or indirect taxes, the marginal value (demand 

price) of nontraded inputs may differ from their marginal cost (sup

ply price). Material inputs should be valued at the market (demand) 

price if the incremental unit of the input supplied to a project 

is diverted from other uses. On the other hand, if the additional 

demand for the input is met by increasing its supply, the appropriate 

shadow price is the supply price to the economy [44, 12l] . In this 

study, in which comparative advantage for the entire agricultural 

sector of Senegal is examined, the latter assumption is maintained 

for costing nontraded inputs.— ^

In estimating the social cost of a nontraded commodity, the 

supply cost to the economy should be decomposed into its constituent 

inputs with each input valued at its appropriate shadow price. In 

th_s study, the cost of material inputs was decomposed into foreign 

exchange costs and domestic costs. . Domestic costs were evaluated at 

market prices.

Shadow Price of Foreign Exchange

Policies of developing countries such as import substitutions, 

export quotas, tariff barriers, etc. are symptomatic of an under

valuation of foreign currency in relation to domestic currency.

As a consequence, the official exchange rate cannot be used for project

— This assumption is quite reasonable when it is noted that in Senegal 
large percentage of the cost of nontraded inputs is for imported 
raw materials.
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evaluation purposes to translate foreign currency into domestic cur

rency. What is required to correct for this divergence is a shadow 

price for foreign exchange which will, in the case of undervaluation, 

exceed its nominal price.

Several measures of the shadow price of foreign exchange (SER) 

have been developed in the literature [see 3U. Due to date limita

tions, the measure of the shadow price of foreign exchange used in

this analysis is calculated as the reciprocal of the standard conver-
1 / ^s:.on factor (SCF)

SCF - M + X(M + T ) + (X - T ) m x

SCF *= 1/SER

M * total value of imports

X = total value of exports

Z. e total value of taxes on imports

T = total value of taxes on exports.

The SER is essentially the ratio of domestic prices to world prices in 

domestic currency.— ^

r

— ' This measure is taken from Bruce [22]. The derivation of the SER 
from the above formulation implicitly assumes that a marginal in
crease in foreign exchange earnings will not bring about an adjust
ment in the exchange rate.

2/—  Weiler [133H raises the question of whether the shadow price of for
eign exchange should be 1.0 due to the guaranteed convertibility of 
the CFA franc with the French franc at 50 CFA/IFF. The foregoing 
vould signify the CFA is not overvalued. However, as Weiler noted, 
this strict convertibility is maintained through the rigid credit 
rationing imposed by the Central Bank (BCEAO). This credit ration
ing must be viewed as a distortionary policy, which along with 
Dther development policies in Senegal, is symptomatic of an under
valued currency.
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Shadow Price of Capital

In the project evaluation literature, two shadow prices for 

capital, as reflected in interest rates, have been used. The first 

measure, the social rate of time preference , is the rate of inter

est which expresses society’s intertemporal choice with respect to 

consumption. The second measure, the social discount rate, is the 

rate of interest which represents the social opportunity cost of capi

tal as reflected in its social productivity. Due to distortions in
i

the capital market, these two interest rates may not be equal to 

each other or to the market rate of interest in the economy.

In this study, the shadow price of capital, or shadow interest 

rate , for Senegal is taken to be 11 percent. This interest rate 

was estimated by Horton C5lH and is based upon estimates of the mar

ginal cost of debt and equity for the private and public sector as 

well as the average productivity of capital. This shadow interest 

rate is essentially a measure of the opportunity cost of capital 

and is a weighted average of the above three measures. Through the 

use of a single shadow interest rate, it is implicitly assumed that 

the social rate of time preference is equal to the opportunity cost 

of capital.

Cor, elusions

The previous section has summarized the theoretical considera

tions of the DRC methodology required for the empirical measurement 

of comparative advantage. In the following chapter, these
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considerations will be employed in the development of a linear pro

gramming model for the agricultural sector of Senegal which will 

be used to analyze the agricultural comparative advantage of Senegal. 

However, in addition to the traditional DRC methodology, the pro

gramming model will also include risk. This model will utilize the 

implications developed in the first section of the chapter in analy

zing the optimal trade policy for Senegal, based upon comparative 

cost analysis, with the additional assumptions of uncertainty and risk 

aversion. ,



CHAPTER III

THE EMPIRICAL MODEL AND THE DATA

In this chapter, the mathematical programming model of the agri

cultural sector of Senegal, which will be used in the empirical 

analysis of agricultural comparative advantage, is presented*. The 

first section of the chapter discusses the theoretical basis for the 

lse of programming models and shows how risk can be incorporated 

.nto such a model. The second section presents the empirical model 

with a discussion on the data and model construction.

Sectoral Programming Models in 

Comparative Advantage Analysis

Sectoral programming models for agriculture, as specified by 

uloy and Norton [36], Egbert and Kim C371], Rodriquez [92], and 

others, have been developed to simulate behavior of the agricultural 

economy under competitive market conditions.—  ̂ Specifically, in these 

models, it is assumed that the sector is composed of competitive 

micro units, none of which can individually influence output or factor 

prices, and that all producers are motivated by profit maximization.

For a discussion of sectoral programming models and their use in 
economic analysis, see McCarl and Spreen [68].



In mathematical terms, the Lagrangian of the sectoral model can 

be written as
Z°H J i P

(1) MAX L I [ j P dZi + S aik (Z - clkQk) 
i=l 0 k=l

P m P
+ Zik)] + ^  ^  Vjk (xjk ' *3k V

/dw
where

X , = use of the jth. factor in the kth production process (j =J k
1, ••., m),(k — 1, •••, p)»

= yield of the ith output from the kth production process

( 1 = 1 ,  ..., h),

= level of the kth production process,

P^ = market price of the ith output,

Wj = market price of the j_th purchased factor,

Cik = quantity of the hth output yielded by one unit of the kth

production process,

a,, *= quantity of the jth purchased factor required by one unit j k
of the kth production process,

are ^ e Lagrangian multipliers for the ith and 

jth resources, respectively.

The components of (1) include

(a) Input and output processes
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xj k = ajkQk ajk - 1

(b) Input market clearing conditions

v • I
(c) Product market clearing conditions 

P
Z 0 = E Z i ik1 k=l

(d' Supply relations for inputs to the sector 

Wj = fj (xj) (j = 1> •••• m)

(e Demand relations for the output of the sector 

pi “ fi(zi)iy/ (i = 1 ’ •••*h)-

With the use of price dependent supply and demand curves, the 

objective function (1) is a measure of producer and consumer sur

plus. The purpose of this objective function is to simulate a per

fectly competitive market economy. This becomes evident through dif

ferentiating (1) and examining the first order equilibrium conditions

(2) —  = P4 + p.° = 0 (i = 1..... H)
3Z ° 1 1

(3) 2L_ = 0° pj . o (1 = 1 ......H; k = 1,..., p)
3 7° lk 13Zlk

(4) 11^. = . ” v°. a - Z o° c (k = 1 ... p)
8Q° j=l J 2 i=l

1/— Note that it is implicitly assumed that income effects on demand 
are exogenous to the model.



Substituting for a ^ *n W  and rearranging gives the following 

condition

h H m
(7) 1 P = I 7 ( I V a ) ( k - 1, p)

i=l 1 i=l Lik j=l 3
i ^

The Lagrangian multiplier V?, is the inputed price of the j_th factorJ ̂
used in the kth production process. Thus, (7) states the marginal 

condition for profit maximization, i.e., that a product should be 

supplied up to the point where its price equals its marginal cost per 

unit of output.

Substituting for A^° in (6) and rearranging gives

m m . -
(8) I V °  = Z W, (k = 1, .... p).

j=l JK j=l J

This condition states that a variable factor should be applied up to

the point where its price equals the (inputed) value of its marginal

product.

Trade Activities

The introduction of export and import activities into the model 

described by (1) allows for alternative sources of supply (in the case 

of imports) and demand (in the case of exports). For internationally



traded products, a one-product representation of the objective func 

tion is shown in Figure 2.

Figure 2. One-Product Demand Representation for a Traded Commodity.

In Figure 2, the supply curve S is upward sloping and measures 

the marginal cost of domestic production.—  ̂ The demand curve DCB 

:s downward sloping and reflects three things:

—  The curve S refers only to the cost of resources which are not sec 
tor specific. If the sector produces several commodities simultan 
eously, the curve S cannot be computed for one commodity in iso
lation.
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(1) the import price, Pm, which prevails if the country is 

a net importer, is higher than the export price, Px, 

which prevails if the country is a net exporter, where Pm 

and Px are measured in domestic currency. This difference 

reflects the gap between c.i.f. import prices and f.o.b. 

export prices as well as differences in domestic trans

port and commercial services.

(2) domestic consumption responds to price variation, i.e.,

“°° < <! °*
(3) the model has three options

(a) producing and importing (point m),

(b) being self-sufficient (point m ’), and

(c) producing and exporting (m’’).

If the country can always import at a cost of Pm, it is never optimal 

to produce at a marginal domestic cost higher than Pm.— ^

The utility added by the sector is measured by the area between 

the supply curve S and the residual demand curve ACB. By Introducing 

consumer utility, as measured by the area under the demand function, 

into the objective function, the volume of production at, say M ’, OE, 

is such that the marginal production cost EM? is equal to the marginal 

utility of the consumer, this utility being equal to the price OP1 

prevailing in the free market.

- J  In Figure 2 the segments APm and BC are horizontal because world 
market prices are assumed to be unaffected by the volume of ex
ports or imports (small country assumption). For a large export
ing or importing country, these restrictions can be relaxed.



Risk in Programming Models

The effect of risk on agricultural production decisions has 

been incorporated into agricultural sector programming models through 

the methodology developed by Hazell and Scandizzo [46] under the as

sumption that farmers are risk averse. In the Hazell and Scandizzo 

model, risk, as perceived by farmers through stochastic yields and 

f£rm prices, is introduced into the farm income functions. Producers 

are assumed to maximize an E -<{>0 formulation of utility where E is 

expected income, d is the standard deviation of farm income, and $ 

is a risk aversion coefficient which measures the degree of risk 

aversion of the producer. When incorporated in this manner, risk is 

perceived as an additional cost to generating income from agricul

tural production activities.

The assumption that farmers maximize (E, a) utility rather than 

expected profit follows the work begun by Markowitz [69] and Tobin 

[123] regarding choice under uncertainty. However, the model of 

Hazell and Scandizzo is based upon a variation on the approach of 

Beumol [10] who used an (E, 4>a) formulation. With Baumol’s approach, 

t're decision-maker is assumed to subjectively establish a confidence 

limit and a floor on expected returns to which this limit is applied.

The method of Hazell and Scandizzo is to use parametric programming 

techniques to estimate values for the subjective parameter ^

— It is recognized that the use of a utility function of the form (E,a) 
represents only the class of utility function for which the mean and 
variance of the probability distribution are the most adequate ap
proximations of the utility function. Tsiang has provided a defense 
of the (E,a) approach, however, his analysis assumes that the risk 
is "small" relative to the total wealth of the risk-taker. In the 
case of Senegal, whose major exports are peanut products, this as
sumption probably does not hold. See S. C. Tsiang [125].
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j# While it has not been tried before, the same approach of Hazell 

and Scandizzo could be used to incorporate risk in international 

trade into a sectoral programming model. This formulation is at

tempted here. In this case, risk in international trade is per

ceived as unexpected shortfalls or surpluses of net foreign exchange 

earnings from the agricultural sector. This risk arises from varia

tions in international prices of traded commodities as well as from 

shortfalls in available domestic supplies of traded commodities.

In mathematical terms, the Lagrangian for the sectoral model 

representation which includes risk in international trade can be 

written as:

H Zi P
(9) L = ^  [J P± + RiE1 + ^  cik(Zlk + Eik * clkQk) 

+ V Zi - j, Zik - V  + £i(Ei - * Eik)] + k=l k-1

1/2

m P P
V  (xjk - ajkV + ^  V

x °  H

—  J W dX? 2 - l H I - <f>* [z E E o ]
0 i=l i

i/2
-  4>*[ E I i I i a i i ^

in which all variables are defined as previously except: 

R_̂  = export price of the ith export activity,

■ level of the ith export activity,



Fik = (5uant^ty °f t îe ith export coininodity produced by the kth

production process,

1^ *= level of the ith product imported,

= import price of the ith imported commodity,

cr^ = variance of export (import) earnings,
<p* = risk coefficient for export (import) commodities.

Ir. addition, it is assumed that the cov ) = 0 and that cov

= 0 (small country assumption). It is also assumed that decision 

makers make decisions upon the expected value of export and import 

pricey, eEm ^H = M and eEr^U = R^, and upon the expected value of im

port and export quantities, E[E^] = Ei and E Cl^U = 1^.

The properties of the model in (9) are the same as the properties

discussed in the previous section with the addition of the following:

0 (i = 1 » • . , H)

(i = 1, ..., H; k - 1 P)

(12)
i
o H)

Substituting for from (10) into (11) and then substituting 

into (4) ,the following condition is obtained:



This equation states that for each export product, the marginal domes

tic cost per unit of output must be equal to the expected price, R^.

In this case, the marginal cost includes a marginal risk cost which 

equals the expected return demanded as compensation for bearing 

risk. Alternatively, (13) states that the expected returns for ex

porting the ith export product are discounted by the cost of risk.

Substituting for aik from (12) into (13) and then substituting 

into (4) gives the following condition for imports:

m
(14) • M, +4>*I,o., 0:i,I,a,,H 1/2 = I  ( Z V , a. ) (k =i i 11 l l 11 c ' jk jki ik j=l J J (i = 1,...,H).

This equation states that the ith importable product will be supplied 

by domestic producers until the marginal domestic cost per unit of 

output is equal to the cost per unit at which the product can be im

ported (cf. point M in Figure 2). In the risk case, the import price 

is increased by the marginal risk cost so that the total cost per unit 

of imports has increased.

The introduction of risk into (9) has added more assumptions to 

the sectoral model (1). Individual micro units in the agricultural 

aector are assumed to maximize a utility function which can be charac

terized by the mean-standard deviation of net income. However in 

this case, a risk cost is attached to activities which contribute 

to income of the country through importing or exporting activities. 

Thus individual micro units are assumed to allocate resources among 

tradable production activities up to the point where expected price 

equals marginal cost with marginal cost including a marginal risk



premium or tradable agricultural commodities.

Empirical Incorporation of Risk^

Incorporation of trade risk into the sectoral model presented 

in (9) concerns two levels of risk. The first level involves risk in 

international trading prices and the second level is the risk associ

ated with the quantities available for export and/or which must be 
2/imported .—

International, price uncertainty can be represented in the model 

by the method developed by Hazell [47], Hazell has suggested using 

the estimate of the sample standard deviation of activity returns, 

as computed from the mean absolute deviation (m.a.d.), as an empirical 

measure of uncertainty. Assuming the distribution of activity returns 

is normally distributed, estimates of the standard deviation based 

upon mean deviations is less efficient than estimates based upon the 

sum of squares approach. However, this method eliminates algorith

mic difficulties encountered in solving quadratic programming prob

lems, while at the same time it permits interrelationships among acti

vity returns.

Following Hazell, the estimate of the standard deviation of Z, 

the total outcome of the portfolio T(T - t, ..., t^) is

— The author is indebted to Dr. Bruce McCarl for his suggestions on
the incorporation of risk in this section.

2/— Risk related to international prices is due to external sources
whereas risk in supply is due to domestic supply conditions.



K .  N q 1 /2
K [2(N-1) J
N = number of years of observations on prices of internationally 

traded products,

P. = international price (return) of the jth traded commodity in jn
period n (in domestic currency), 

g = average price of the j th traded commodity (in domestic cur-
j n i

rency) ,

Tj = level of the jth trade activity.

S:.nce it is expected that decision-makers will react differently to 

the deviations in the portfolio of export returns than to the devia

tions in the portfolio of import costs, two separate portfolio stan

dard deviations should be estimated for export activities and import 

activities.— ^

Uncertainty in the domestic quantities of traded products pro

duced can be included in the model through a discounted expected yield 

formulation of total production. This formulation can be written as

(16) - Q± + x ± s ±*^ ± + Qi* -  ° (i = 1..... «)

where

-- Specifically, it would be expected that, to minimize the total devi
ation in export prices, exports should be concentrated toward pro
ducts whose prices have a negative correlation (or little correla
tion). For imports, it is expected that it is preferable to import 
products whose prices are also negatively correlated or have little 
correlation. However, it is expected that decision makers would 
want export prices to be positively correlated or have little cor
relation with import prices.



where Q̂, is the expected production of the ith commodity, Q^* is the 

actual (adjusted) production of commodity i, S^* is the coefficient 

of variation of the production of the ith commodity, and X ; is the 

risk aversion coefficient associated with the production of the ith 

commodity. Through this method of incorporation, risk in production 

of the ith commodity is introduced as a discounted estimate of the 

production available for trade. The extent of the discount on pro

duction is based upon the standard deviation of production as well as 

the degree of risk aversion of the producers.

The Empirical Model

The programming model of the agricultural sector of Senegal used 

in the analysis is presented in this section. The structure of the 

moc.el includes regional demand functions as well as regional process

ing activities for agricultural products, regional agricultural pro

duction activities, transport activities, and import and export acti

vities. The objective of the model is to determine the regional pro

duction and consumption mix of products originating in agriculture in 

Senegal (domestic and foreign) that will maximize total producer and 

consumer surplus, given the direct and indirect cost of domestic pro

duction, transport costs, marketing costs, export and import prices, 

and trade risk.

Empirical Model Structure

The mathematical structure of the model is defined in the follow

ing equations. The objective function of the model is
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o
sij

(17) MAX I I /  P y d S y  + Z IVyE X y  - t  Z U y X M y  - Z Z P C ^

I I W, .W - E E G .0 ■ E E E t.,, ,T , - E E E  t ,T ,k j kj kj pj pj ± j jf ijj ijj p j jt PJj pjj
j * j'

4»s(Ts)

where

= amount of final product i sold to urban consumers in the 

.1 th region,

= market price of the ith final product sold to urban consumers

in the jth region,

V = price of product i exported from the jth region,

EX^ = exports of product i from the j_th region,

= import price of product i in the jth region,

IM^ = level of imports of product i in the j th region,

PC . = processing cost of the mth processing activity in the jth mj
region,

R = level of the mth processing activity in the jth region, mj
W = input cost of the kth input supplying activity, kj

= amount supplied to the kth input into the jth region,

G . = unit marketing cost of the pth primary product transferred 
Pj —

in region j,

0 = activity level of the pth primary product transferred in
Pj

the j_th region,

t , = cost of transporting product i from region j to region j 1, 
ijj
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Tjjj» = activity level of ith product transferred from region j to 

region j ’,

t ^  , = cost of transporting the pth primary product from region j 

to region j ’,

, *= activity level of the pth primary product transported from 

region j to region j ',

$ = risk-aversion scaler from trade activities,

S = sample estimate of the standard deviation as computed from 

m . a. d. ,
?

Tg = level of the sth standard deviation activity.

The objective function (1) states that the objective of the programming 

model is to maximize the sum of the area under the demand curves plus 

the value of exports less the cost of imports, processing, input supply, 

marketing and transport and trade risk for each region.

The objective function as stated in (16) is a quadratic function 

in domestic commodity prices and quantities sold (sij) to urban consump

tion. However, the objective function was linearized through the grid 

specification of the revenue functions as developed by Duloy and Nor

ton C35U.

The objective function is constrained by the availability of 

resources, market balances and other conditions as expressed in the 

following:

<18> I  Xnj i  Brj + I  arkj •

This equation states that the amount of the rth resource used in the
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production of the nth product in the jjth region (a^j j) must be 

less than or equal to the amount of the rth resource available in 

the jth region (Brj) plus the amount supplied by the regional input 

supplying activities.

The commodity balance equations are

(19) ON 4 + 0 . < Eq . X . + E T . . ,  pj PJ -  n pnj nj y  pjj1

(21) - I  q, , R . - Iq, , 0 , - IM,, + S., + EX., + 1  T,,,, - I T , 1  0
m imj mj p pj ij ij 3 j ' ^  j ■)'i

(22) I Sljg < 1.

Ecuation (19) states that the amount of primary product supplied in 

each region (Qpnj ^nj^ P^us t îe amount °f raw commodity shipped in 

from other regions (T f) goes to home consumption (ON^) or is trans

ferred (0 .) .Pj
Equation (20) states that, for processed products, the amount pro

cessed in each region (R ,) cannot exceed the quantity of primary pro-mj
duct transferred for processing (q^^O^) plus the quantity of imports 

for processing ) •

Equation (21) states that for products consumed directly or after 

processing, the amount of final product sold to urban demand in each 

region (S^j) cannot exceed the amount transferred to urban demand in 

the jjth region ^ipj^pj^ Plus t*16 amount shipped in to the region
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Q

’) ^ess t îe amount shipped out (T^^ f) , plus the amount supplied

from processing (^mj^mj^* P^113 t h e  amount imported (IM^j) and less

the amount exported (EX_^). Equation (22) is the convex combination

constraint which limits the amount that can be consumed through any

segment of the demand curve.

International price risk was incorporated in the model as fol-

i 1/ lows:—

(23)  Dn  = V  - V j

wnere P, and g„ are defined previously in (15), and R is a row vector jn j n
of deviations of international prices for year n for tradable commodi

ties j . From (23)

(24) RT. - D < 0n j n —

The estimated standard deviation is expressed by

(25) S = |  C’D

where D is the vector sura of the absolute deviation of prices and C is 

a column vector of ones. Thus,

(26) C’D - ^ ST <_ 0K S

Equations (23-26) were included in the model for both export price devi

ations and import price deviations.

—  ̂This methodology follows Rodriquez [92, pp. 28-29].



Rows to introduce the risk associated with domestic supplies of 

export commodities were incorporated in the following manner:

(27) (-1 + XS*.) Q , + Q * < 0PJ Pj Pj “

where S*^ is the standard deviation of the production of export pro

duct p in the jth region divided by the mean production of product p 

in the j_th region, apj/Qpj, is the expected production of export

product p in the j_th region, and X is the associated risk aversion coef

ficient. i

Risk associated with domestic supplies of imported commodities 

(import substitutes) was incorporated by adding the row:

(28) (-1 + XS *) 0 . + 0 .* < 0PJ Pj PJ “

where 0 * represents the discounted (adjusted) quantity of the pth
Pj

primary (import substitute) product transferred, and all other varia

bles are defined previously.

Processing capacity is included in the model as

This equation states that the amount processed of the mth primary pro

duct in each region must be less than or equal to the processing capa

city for the mth primary product in each region.

Finally, the non-negativity conditions are s^j» EXij» *Mij Snj ’

R ., T... , , T ,,,, ON ., 0 , > 0. ij j Pj j Pj Pj “

t
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In addition to these rows, there is also a foreign exchange ac

counting row which adds up the total foreign exchange earned by the 

agricultural sector. This row is represented by

The foreign exchange equation states that the total foreign ex-

e:,gn exchange earned by exports less the foreign exchange used for 

imports, less the indirect use of foreign exchange used in processing, 

production, and transport activities.

The model structure can be visualized from the flow chart de

picted in Figure 3. This chart shows the flow of product in a single 

region. While not all regions have the same possibilities (i.e., 

there are no processing facilities located in certain regions), the 

chart does show the possibilities for consumption and production for 

one generalized region.

In this section, the sources and methods of data assembly for 

the agricultural sector model of Senegal are presented. As no previous 

agricultural sector model for Senegal exists, considerable time and

fpjj,Tpjj'

1/ -change earned by the agricultural sector (+F)—  is equal to the for

Empirical Structure and Data Profile

— The foreign exchange sum F can be either positive or negative de
pending upon whether there is a surplus (-) or deficit (+) of 
foreign exchange.



Figure 3. Flow Chart of Model Relationships for a Single Region.
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effort went into the assembly of the basic data for the model. With 

the exception of area planted and yields, the lata included in the 

model are for the crop year 1975/76. Yields and area planted were 

obtained from a three year average for 1973/74-1975/76.

The prices discussed in this section are based upon the financial 

costs estimated for 1975/76. The adjustments required to obtain the 

economic” costs to Senegal are discussed in Chapter IV.

Specification of Regions

Six regions were specified for the Senegal agricultural sector 

model based upon annual rainfall and agricultural production possibil

ities. These regions also correspond to regional jurisdictions set up 

by the government of Senegal. A summary table of the regions and the 

characteristics of each region is presented in Table 4. Figure 4 pre

sents a map of Senegal with the location of each region.

Input-Output Set

As no farm survey data on Senegalese farmers were available at 

the time of this study, input-output coefficients for agricultural pro 

duction activities were taken from various secondary sources.— ' Pro

duction activities for each region were specified which differ by fer

tilizer use and by method of production.

In each of the regions, crops were identified for production sets 

on the basis of observed cropping patterns. Each cropping activity

—  ̂Farm level data is currently being collected in Senegal by the 
Purdue West African Project.
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Table 4. Regions and Characteristics of Regions in the Senegal Agricultural Sector Model, ±975/76.

Region

Total
Land
Area (HA)

Principal
Crops c /Population— Annual Rainfall— ^

cL /Northern— 
Peanut Basin 4,015,000

millet,sorghum, 
peanuts 1,130,580 - 400-800 mm

Southern 
Peanut Basin 
(Sine Saloum) 2,394,000

millet,sorghum, 
peanuts,cotton, 
com 1,013,530 800-1000 mm

Fleuve 4,413,000 peanuts, com, 
millet, sorghum, 
irrigated rice

531,510 200-400 mm

Casamance 2,835,000 rice, cotton, 
com, peanuts, 
millet, sorghum

740,760 1000-1500 mm

Senegal
Oriental

5,960,000 rice, cotton, 
corn, millet, 
sorghum, peanuts

287,790 800-1000 mm

b/Cap Vert- ----- ----- 990,320 -----

a/- Refers to administrative regions of Thies and Diourbel. ^
—  ̂This region comprises the Dakar area which is primarily urban.
-  Source: [90]. Population figures are for 1976.
-  Rainfall in Senegal is largely concentrated in the months from June-November. [70], various years.
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Figure A. Map of Senegal. o\



was specified on a per hectare basis for the crop year, which extends 

from May to November in Senegal.—  ̂ Double cropping activities were 

specified for a few hundred hectares of irrigated land in the Fleuve.

In the agricultural model, three degrees of mechanization are 

specified for each crop: 1) manual - no mechanization, 2) horse-

drawn animal traction using seeders and hoes, and 3) ox-drawn animal 

traction with plowing. The alternative degrees of mechanization are 

assumed to affect yields per hectare. The transition from manual 

tc horse-drawn techniques of production is assumed to increase yields 

due to the more timely weeding and seeding, which the introduction 

of the horse drawn technique allows. The transition from horse-drawn 

to oxen-drawn equipment is assumed to affect yields due to the 

introduction of plowing, which requires the use of heavier traction 

equipment.

The introduction of plowing also requires stump removal which 

requires about 200 man days per hectare and which is usually done 

during the off-season. Regional differences in yields for each pro

duction technique were also included in the model.

Irrigated crop activities were Included for rice in the Fleuve 

and in the Casamance. The irrigation activities are differentiated 

by degree of water control. In the Fleuve, these activities are 

highly mechanized and use only tractor power for all cultivation oper

ations .

— Except in the Fleuve, where a double cropping system of dryland 
and wetland farming enables farming activities to take place year 
round.
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For each crop and degree of mechanization, standard inputs of 

labor, services of machinery/draft animals, chemicals and fertilizer 

were defined on a per hectare basis. Labor requirements were expressed 

per man day and services of machinery/draft animals were expressed in 

terms of machinery hours or animal days. Chemical use (mainly fungi

cides and insecticides) was specified in terms of CFA expenditure 

per hectare. Extension costs in CFA/hectare were included in the ac

tivities for improved crops.

Fertilizer requirements were expressed in terms of kilograms of 

NPK fertilizer mixture. Alternative levels of fertilizer use for 

millet and peanuts in the Southern Peanut Region and the Northern 

Peanut Region and for rice in the Casamance were obtained from fertil

izer response functions specified for West Africa. These functions 

are shown in Table 5.

These fertilizer response functions were adjusted to account 

for differences in fertilizer response by technique and to more closely 

fit with the yields obtained by farmers on non-experimental fields. 

Fertilizer activities were specified only for farmers with access to 

animal drawn techniques. For each crop and region specified in Table 

5, yields with animal traction and no fertilizer and yields with ani

mal traction and 150 kg of fertilizer per hectare were specified.— ^

The fertilizer coefficients in Table 5 were then adjusted by the 

following

—  ̂150 kg/hectare of fertilizer in the application rate recommended 
by extension agents in Senegal.



Table 5. Fertilizer Response Functions, Senegal, 1975/76.

a/Peanuts—

1. Northern Peanut Basin

Y = 11.702 P - .173P2- /

2. Southern Peanut Basin

Y = 38.740 P - .754P2̂

1. Casamance .

Y = 26.129 - .158N2—  ̂
e/Millet—

1. Northern Peanut and Southern Peanut Regions

Y = 18.844N - .OgSN2̂

— Source: [56]

— Phosphorous in 6-20-10.
c /— Phosphorous in 8-18-27.

— Nitrogen in 8-18-27.— v
— Source: [75]

—  Nitrogen in 14-7-7 or in 10-21-21 and 46-0-0.
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Y*
1

where

N *= unadjusted coefficient for each nutrient level,

Y* *= adjusted yield change per unit of nutrient with technique

a^ = yield level obtained with 150 kg of fertilizer on farmers' 

fields using technique i,

c = change in yield with 150 kg fertilizer prescribed by the 

unadjusted response function.

The adjusted fertilizer response functions are shown in Table 6.

For peanuts and millet, the fertilizer response functions were 

approximated in the model with five steps of alternative fertilizer 

use for each technique of production. For rice in the Casamance, 

tiree steps of alternative fertilizer use were included in the model.

No fertilizer response functions were available for cotton and 

maize. Alternative fertilizer requirements and yields were ob

tained from experimental data for these crops. All of the cropping 

activities, production coefficients, and data sources are listed in 

Appendix C.

— This adjustment method was taken from McCarl [67]. The adjust
ment should have been applied to the actual fertilizer response 
data and the response equations should have been re-estimated 
with the adjusted data. However, the data from which the rela
tionships were estimated was not available at the time of the 
study.

b^ = yield level obtained with no fertilizer using technique i,
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Table 6. Adjusted Fertilizer Response Functions, Senegal, 1975/76

Pe;nuts

Northern Peanut Basin

1. Horse Drawn Y*
2. Oxen Drawn Y*

Southern Peanut Basin

800^ + 11.702P - .173P2 
900 + 27.OOP - .400P2

1. Horse Drawn Y* = 900 + 31.305P - .610P
2. Oxen Drawn Y* = 950 + 50.871P - .991P^

I

Millet

Northern Peanut Basin

1. Horse Drawn Y* = 450 + 15.92N - .079N2
2. Oxen Drawn Y* = 600 + 18.844N - .093N"

Southern Peanut Basin
t

1. Horse Drawn Y* = 550 + 13.271N - .066N'
2. Oxen Drawn Y* = 800 + 18.844N - .093N‘

Rice

Qi samance Y* = 1200 + 26.129N - .158N‘

— ' Constant term is equal to yield on farmers fields with no fertil
izer.

©
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Resource Constraints

The resource constraints in the model are cleared land, process

ing capacity, and fertilizer access. The land constraints by region 

are shown in Table 7. Crop specific land constraints were introduced 

in the model for cotton in all regions, corn in the Southern Peanut 

Region, and for improved varieties of rice. These constraints were 

introduced because the production of these crops is controlled by 

regional development agencies.

Cotton as well as rice in the Senegal Oriental is supervised by 

SODEFITEX (Societe de Development des Fibres Textiles) and corn in 

the Southern Peanut Basin is supervised by SODEVA (Societe de Developp- 

r.ent et Vulgarisation Agricole) . In the Casamance, improved rice pro

duction is supervised by the PRS (Projet Rizicole Sedhiou) as well as 

other missions. SAED (Societe d'Amenagement et d’Exploitation du 

Delta) has the responsibility for the development of irrigated agri

culture in the Fleuve.

Fertilizer access was also limited in the model. The reason for 

:his is because not all farmers have access to fertilizer. Fertili

zer is delivered to the cooperatives by ONCAD (Office National de 

Cooperation et d'Assistance pour le Developpement) which is the agency 

responsible for input supply as well as marketing of cereals and pea

nuts. Their fertilizer is available only through the cooperative and 

the amount available to farmers is limited by the quantity delivered 

by ONCAD each year.—  ̂ Fertilizer prices are subsidized in each region 

by the government.

—  ̂ In theory, fertilizer access is limited to members of the coopera
tives .



Table 7. Land Constraints by Region, Senegal, 1975/76.

Region

Land
N. Peanut S. Peanut 
Basin Basin Fleuve Casamance

Senegal
Oriental

Upland with 
Stumps Removed 2,473^ 9,500^

(hectares)

1 5 , 0 0 ^ c /21,180—

Upland Culti
vable^./ 930,000 815,000 66,434 220,000 145,200

Flood Recession^ - 55,567

Swampland—^ 60,000

Irrigated:— ^

Full Water Control 3,060

Partial Water Control 7,000

Upland Rice Improved 5,000 5,000

C c m  Land^ 3,000

Cotton Land-^ 6,500 18,100 17,200

— Source: [112]
—  ̂ Source: Author’s estimate based on extension reports.

d/ .—  Source:
. 9

— Source:
[70]
[124]

-  Source: [105, 106, 107]



The fertilizer constraints used in the model are shown in Table 

8. These figures are the estimated deliveries by ONCAD of fertili

zer to the cooperatives or projects for 1975/76.

Processing capacity constraints are shown in Table 9. These 

constraints are also set at the levels for 1975/76.

Table 8. Fertilizer Constraints by Region, Senegal, 1975/76.

Region

Fertilizer

Northern 
Peanut, , 
Basin -

Southern 
Peanut , 
Basin - a / Fleuve— c lCasamance—

Senegal . 
Ori ental—

14-7-7 18,000 11,000
(tons)

130 325

8-18-27 18,200 18,000 ----- 5,050 3,250

2L /— No fertilizer constraint
— Source: [112D
— Source: [56̂ ]

Table 9. Crop Processing Capacity by Region, Senegal, 1975/76.

Region

Activity

Northern 
Total Peanut 
Senegal Basin

Southern
Peanut
Basin Fleuve Casamance

Senegal
Oriental

Crush
Peanuts 950,000^

(tons)

Refine
Peanut
Oil 80,000
Cotton^ 53,000 11,125 40,000 21,876
Rice^ 45,000 25,000 10,000 10,000

— Actual figures for processing capacity show the capacity to be about 
1,060,000. However, even in 1975/76 when supplies exceeded the capa
city limit, only about 950,000 tons were crushed. Therefore, the 
latter figure was used.

— Source: Cl08l]
—  Source; C118D
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Input Supply

The inputs supplied include labor, services of machinery and 

draft animals, chemicals, and fertilizer. The labor supply figures 

for domestically supplied labor are shown in Table 10. Labor supply 

is expressed in terms of adult male equivalent man-days.

Two types of labor were assumed to be supplied by region: domes

tic family labor and seasonal labor (navetanes). Family labor was

assumed supplied to each region with infinite elasticity at a reser-
f 1 / vazion wage equal to one-half of the market wage rate in each region.—

Family labor was limited in each region by the amount available in 

1975.

Seasonal laborers are farm laborers that come from outside Sene

gal, usually from Mali or Guinea Bissau, and which remain for the 

entire crop season. These laborers do not receive a wage, but in

stead receive a parcel of land for cultivation and their food in re

turn for labor services. There is no precise aggregate information

on the number of navetanes in Senegal per crop year. The supply of
2/navetanes in each region was assumed to be infinitely elastic.—  The 

cost charged to the objective function per navetane is the yield of a 

hectare of land planted in peanuts times the producer price of peanuts 

in 1975, plus the food which is consumed by a rural laborer during 

the crop year.

—1 Regional wage differentials were introduced into the model. Differ
ences in wages were assumed to be equilibrating differentials repre
senting the costs of transferring among regions.

2/— The actual supply of navetanes to Senegal would be limited by the 
elasticity of supply of these laborers. However, no estimate of 
this elasticity is known.
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Table 10. Domestic Agricultural Labor Supply, Senegal, 1975/76.

m

Region
Labor Supply 

(1974)1/
Labor Supply 

(1975)W
Labor Supply, 1975, 
Man-Equivalents

Northern
Peanut
Region 411,707 418,295 334,568

Southern
Peanut
Region 288,227 292,839 234,272

Casamance 210,081 213,442 170,754

Senegal
Oriental

(

79,940 81,219 64,974

Fleuve • 117,374 119,252 95,401

— Source: [64, Annex 24U.

— The figures for 1975 were obtained by multiplying the 1974 figures
by 1.6 percent, the estimated yearly increase in the rural labor
force. The 1.6 percent estimate was obtained from [90].

«#

£ J— Man-Equivalent labor supply is obtained on the assumption that the 
labor force in each region is composed of 60 percent men and 40 per
cent women. This is the breakdown given for the total population 
in [903. The number of women were then given a weight of .5 in 
terms of man-equivalents. For a description of this weighting system 
see [74]]. The purpose of the weights is to reflect the fact that 
women spend less time per day in agricultural activities and also 
cannot work as hard as men at certain tasks.
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Family labor as well as seasonal labor was assumed to be fixed 

for the crop year by labor period. The labor periods were obtained 

from an agricultural calendar in each region. It was assumed that 

each farm laborer would supply a fixed number of days of labor for 

each period. The labor periods and the labor supply in each period 

for the regions are given in Appendix B. The labor sub-matrix is 

shown in Figure 5.

Columns Family Labor Seasonal Labor
Rows Supply Activities Supply Activities RHS

Labor Use
Period 1 ■—i

1

-LS1 < 0

Period 2 _LF2 CMto1 < 0

Period 3 _LF3 _LS3 < 0

Period 4 -LF4 _LS4 < 0

Period 5 -LF5 -LS5 < 0

1 < Domestic
Availa

Obj ective bility
Function - 5KFWF - Ks

Where: and Lgi ( 1 * 1 ,  ..., 5) are family labor coefficients

for periods i = 1, ..., 5.
5

W = market wage rate
r

Kg = yield of hectare of peanuts plus food for the agricul 

tural year.

Figure 5. Labor Activities Sub-Matrix.



#

W  — f  rn^T i « g :w r< iT iM n in iiB M »

79

Machinery services for irrigation activities and animal services 

were assumed available in infinitely elastic supply at the cost 

charged to the objective function. Machinery services were assumed 

available only to irrigated areas in the Fleuve.

Machinery services in tractor hours were represented as a fixed

bundle of services including tractor power, plow, seeder, harrow, 

and transport.—  ̂ Most irrigated areas rent the machinery from SAED 

at costs which are fixed to include a charge for irrigation and 

SAED overhead expenses. These costs were not used in the model be

cause they include charges to cover fixed irrigation expenses as 

well as the variable costs of the machinery. Instead, variable costs 

of machinery services were calculated by the author and placed in 

the objective function.

The machinery costs calculated include depreciation, repairs, 

and interest charges, as well as fuel costs and the cost for the ma

chinery operator. These costs are shown in Appendix A.

Services of draft animals in animal days were also represented

by a bundle of services. Each animal (with equipment) was assumed to 

supply a fixed number of animal days of services per labor period 

for the crop year. The animal days supplied by period and by region 

are shown in Appendix B.

Two sets of animal traction equipment were supplied in the model: 

horse traction and oxen traction. Horse-drawn traction includes the 

services of a horse, seeder, hoe, and harness. Ox-drawn traction

—  Machinery services are usually supplied to the irrigated areas 
as a fixed bundle of operations.

:



includes the services of a pair of oxen, plow, two seeders, lifter, 

ridger, cart for transport, and veterinary and feed costs for the 

oxen.—  ̂ Use of the mechanized inputs is subsidized by the govern

ment. The annualized costs of these packages for the crop year were 

estimated by the author and are shown in Appendix A.

Animal traction inputs are supplied to farmer cooperatives by 

the government marketing agency, ONCAD, through the Programme Agri- 

ca-je. This program has been in operation since 1961, so it assumed 

that there are no bottlenecks in the availability of these supplies.—

Cost for chemicals and fertilizer were entered in the objective 

function as CFA costs per unit supplied. Supply of chemicals to far

mers is assumed infinitely elastic. Fertilizer available is assumed 

in perfectly elastic supply up to the levels given in Table 8.

Output Demand Functions

For each commodity in the model, domestic and foreign demand 

activities (for export products or import products) are formulated. 

For domestically produced cereal crops (millet/sorghum, maize, rice), 

the domestic demand was divided into rural (home-consumption) and 

urt an demand (crops transferred). This separation of demand was 

mace because about 80 percent of domestically supplied consumption

—  ̂ It is recognized that farmers in Senegal purchase material equip
ment piece by piece so that often production activities take place 
without a complete package of traction equipment. However, the 
representation of equipment as a package is the only reasonable 
assumption which can be made due to lack of information.

2/ -—  In the Casamance, access to traction services is limited by ferti
lizer access. All improved cultivation in the Casamance is super
vised by development agencies so that fertilizer and traction are 
a package.
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of cereal In Senegal is produced for home consumption by farmers 

themselves.

It is expected that those consumers whose consumption is satis

fied from home-produced commodities would react differently to com

modity price variations than those who purchase consumption commodi

ties. In an economy in which producers consume a part of their out

put, the conditions of household demand determine how much of the 

product will be put on the market. Under certain circumstances 

an increase in the'price of the product can cause income gains which 

lead to increased consumption within the household. For instance, 

Krishna \Lb2~] and Behrman [l3H have linked the consumption behavior 

of producers and the resulting market surplus to the income elastici

ty of home consumption, the proportion of income from the crops, the 

elasticity of total output and the elasticity of substitution between 

crops in home consumption.

Since no estimates exist on the price responsiveness of home 

consumption among farmers in Senegal, home consumption for cereal 

crops in each region was assumed perfectly inelastic at the levels 

in Table 11. These estimates were obtained by multiplying the rural 

population in each region by the consumption norms in Table 11.

Estimates of demand elasticities for cereal were estimated 

by OLS regression analysis usi.ng data for 10 years on consumer 

prices (deflated), total consumption, and net national income (de

flated) for Senegal as a whole.—  ̂ Using this procedure, national

—  The regressions were estimated in log form using income elastici
ties taken from SONED C118U. These elasticities are .4 for rice 
and .2 for millet.



Table 11. Norms of Cereal Consumption, Rural Population, Senegal, 
1975/76.

Norms
(kgs

of Consumption 
./person/year)

Total Consumption 
(tons/year)

Region millet rice paddy maize millet rice paddy maize

Cap Vert — _  _

Senegal
Oriental 151 16 28 33,000 8,530 17,000

N Peanut 
Basin 160

\
10 — 201,000 8,853 —

S. Peanut 
Basin' 173 24 1 172,000 21,172 2,000

FIeuve 123 40 13 30,000 13,333 5,000

Cc samance 127 93 19 73,300 60,000 11,700

Source: [1181

price elasticities for rice and millet were obtained. The price elas

ticity of demand for wheat was assumed to be the same for rice and the 

price elasticity for maize was assumed to be the same as for millet.—  ̂

Regional urban demands were estimated from the national demands 

for wheat, maize, millet, and rice on the assumption that the price 

and income elasticities were the same in all regions. The national

- 1 An attempt was made to estimate a national demand for wheat flour 
without success. This is most likely due to the high level of gov
ernment intervention in this market. For maize, no time series 
data on prices and quantities exists so no estimate could be made.
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demand functions were fit to regional urban consumption patterns 

and regional prices in order to obtain the regional urban demand 

curves. These demand curves, equilibrium prices, and quantities are 

shown in Table 12.

Except for the Dakar area, no regional price series exist in 

Senegal. The regional prices given in Table 12 were estimated 

from several sources. Prices for millet and maize in the Sine Saloum 

as well as prices for domestic rice in the Casamance were obtained 

from SONED Cll8U. , While prices in Senegal are extremely variable 

by season, these prices were assumed to represent average prices for 

the crop year 1975/76. The prices of the Sine Saloum were assumed 

to be the same in the other regions. This is not unreasonable be

cause producer prices are fixed in all the regions, and each region 

tends to be self-sufficient in these cereals.—  ̂ Maize prices were 

assumed to be higher in the Northern Peanut Area, where no maize 

is grown, and prices were assumed higher in the Fleuve, where pro

duction of cereals is lower than in the other regions.

The demand functions for cereals in Dakar were based upon the 

prices and quantities of the processed forms for all products. All 

of the processing facilities for wheat, maize, and millet are lo

cated in Dakar, although production and consumption of processed 

maize and millet is limited. Demands for maize and millet were fit
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Table 12. Inverse Demand Functions by Region and by Commodity, Senegal, 1975/76.

Region Commodity Demand Function
Price , 

Elasticity—

Base
Price

(CFA/Ton)

Base , / 
Quantity— 
(Tons)

N. Peanut 
Basin Rice P=215,475 - 4.116Q -.745 92,000 31,400
N. Peanut 
Basin

Wheat
flour P=205,284 - 12 ,346Q -.745 88,000 9,500

N. Peanut 
Basin Millet P=139,118 - 3.922Q ' -.476 45,000 24,000N. Peanut 
Basin Maize P=166,111 - 55.556Q -.476 55,000 2,000
S. Peanut 
Basin Rice P=216,683 = 4.139Q -.745 92,500 30,100
S. Peanut 
Basin

Wheat
flour P=202 ,638 - 34.48Q -.745 88,500 3,310

S. Peanut 
Basin Millet P=139 ,118 - 11.765Q -.476 45,000 8,000
S. Peanut 
Basin Maize P=155,263 - 52.632Q -.476 50,000 2,000

(Continued)



Table 12. (Continued)

Region Commodity Demand Function
Price , 

Elasticity—

Base
Price

(CFA/TON)

Base , . 
Quantity—  
(Tons)

Casamance Rice P=225,586 - 7.143Q -.745 96,300 18,100

Casamance
Wheat
flour P=214 ,678 - 35.715 -.745 92,300 6,300

Casamance Millet P=139,737 - 52.630Q -.476 45,000 1,800
Casamance Maize P=150,000 - 142.860 -.476 50,000 700
Senegal
Oriental Rice P=227 ,435 - 43.479Q -.745 97,000 3,000
Senegal
Oriental

Wheat
flour P=205 ,500 - 125Q -.745 93,000 900

Senegal
Oriental Millet P=139,118 - 52.82Q -.476 45,000 1,600
Senegal
Oriental Maize P=150,000 - 200Q -.476 50,000 500
Fleuve Rice P=217 ,338 - 13.514Q -.745 93,200 9,200

Fleuve
Wheat
flour P=206,843 - 19.608Q -.745 89,200 6,000

Fleuve Millet P=153 ,125 - 31.25Q -.476 50,000 3,300
Fleuve Maize P=155,000 - 166.66Q -.476 55,000

t
600

(Continued)

oou»
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Table 12. (Continued)

Region Commodity Demand Function
Price , 

Elasticity^-

Base
Price

(CFA/Ton)

Base , . 
Quantity— 
(tons)

Cap Vert— ^ Rice P=210,638 - 1.321Q -.745 90,000 91,323
Wheat

Cap Vert flour P=201,126 - 2.866Q -.745 86,000 40,200
Cap Vert Millet P=246,540 - 13.514Q -.476 80,000 12,324
Cap Vert Maize P=241,905 - 47.619Q -.476 80,000 3,400
Senegal Peanut oil P=358,191 - 3.746Q -1.259 200,000 42,200^
Senegal Cotton P=1,289 ,196 - 265.957Q -.30^ 291,575 3,730

— Estimated from econometric studies by the author.

—  ̂Source: [118].
c/— Demand functions in processed form.

~  Source: [5].

— Source: [130].

ooO'
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in the processed form so that policy analysis on substitution of 

cereals can be done in future analysis.

The peanut oil and cotton demand functions were specified 

nationally. Information on regional demand and regional prices 

for peanut oil and cotton were not available.—  ̂ A national demand 

e]asticity for domestic consumption of peanut oil was estimated by 

OIS regression analysis using data for 10 years on consumer prices, 

consumption, and national income. For ginned cotton, a domestic

demand elasticity for the Ivory Coast was obtained from [1301]̂  andi
used in the model. The by-product of ginned cotton, cottonseed,

WcS assumed to have a perfectly elastic demand at a price of 25,000 

CFA/ton, the average price for cottonseed in Dakar in 1975/76.

Because a linear programming formulation was used, the equili- 

brium demand price (equal supply price) was approximated by using 

segmented demand functions [35]]. The linear programming tableau 

corresponding to the segmented approximation of demand for one pro

duct is the following:

Cropping
Activities Selling Activities RHS

Maximand -C., W.W.W. ___ Wi 1 2  3 n
Commodity Balance ~cll**q2~cl3 ’**’~qn ^
Demand Constraint 1 1 1 1 . . . . 1

—  Nevertheless, the national demands for these products are the 
most reasonable assumptions. The bulk of the domestically sold 
peanut oil is sold in Dakar and all of the ginned cotton is 
transported to Dakar for export or to be sold to the textile 
mills located in Dakar.

- ' W
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where the are the costs associated with cropping activity i, 

are yield of the product in activity i, the are the values of the 

area under the demand function corresponding to q_̂ , and the q_̂ are 

the total quantities sold at the limit of the function W.

In the demand functions used in this model, no cross-price

elasticities are entered into the demand formulations. This is due 

to the lack of available estimates of cross-price effects from econ

ometric analysis.— ^
I

Tiansport and Trade Margins

Although railways and water transport facilities are available 

in Senegal, the largest part of the transport of agricultural commodi

ties is done by trucks which are either owned or leased by ONCAD or

ovned by SODEFITEX. In estimating transport costs, it was assumed 

that all transport is by truck in Senegal.

Transport costs were estimated by taking the official transport 

-rates paid to truckers by ONCAD (on a ton/kilometer basis) and multi- 

-plying these costs by the kilometer distances among regions. Trans

port distances between regions were estimated from a road map of 

Senegal [52] which gave the road distances between cities in each 

region as well as the type of road. The transport charges are sum

marized in Appendix A.

Marketing costs were charged to the activities which transfer 

cereals to urban demand within a region and to activities which

— Income effects on demand are also ignored (assumed to be zero) .



transfer peanuts to the processors. The marketing costs include 

transport as well as other costs. For cereals, a fixed marketing 

charge of 15,000 CFA/ton of cereals transferred was charged to the 

model in each region.—  ̂ For peanuts, the marketing cost is 11,500 

CFA/ton. This latter figure is the cost charged by 0NCAD to col

lect and transport the peanuts to the processors.

Processing Activities

Processing activities were included for rice which is transferredI
for urban consumption, cotton, peanuts, wheat, and the cereals (millet, 

maize) consumed in the Cap Vert region. The cereals which are pro

duced for home consumption (rice, millet, maize) are consumed in 

processed form, but no economic cost was given to these processing 

activities. Home-consumed rice is hand-pounded by the farm house

holds for consumption, however, this activity is usually done by 

women at hours which usually do not conflict with farm labor hours. 

This, the economic value of the time spent in this activity is very 

low.

Similarly, a large proportion of the maize and millet produced 

for home consumption is eaten in the form of couscous or porridge. 

However, it is again assumed that the economic value of the time 

spent in processing at home is very low. These same assumptions were 

macie for cereals transferred to urban consumption outside of Dakar.

— 7 The figure of 15,000 CFA/ton was the average cost charged by 
the small traders to collect millet and transfer it to urban 
consumers in the Southern Peanut Basin in 1975/76 Cll8].
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Processing costs for commodities with processing activities 

in the model are shown in Table 13. These costs include not only 

processing but handling and other marketing margins except transport. 

All imported wheat is processed in Dakar by the Moulins Sentenac 

or by Les Grandes Moulins de Dakar. These same mills also process 

the imported millet and maize. Practically all commercial imports 

of these cereals are processed into semolina and sold as substitutes 

for rice and wheat in Dakar. Currently, the Senegalese are intro

ducing a millet bread which can substitute millet flour for wheati
flour in bread in a ratio of 3 parts millet flour to seven parts 

wheat flour.

Cotton processing mills are owned by SODEFITEX. Mills are lo

cated in each region where cotton is grown, the Southern Peanut Area, 

the Casamance, and the Senegal Oriental. These costs are also shown 

in Table 13.

Peanut processing costs were unavailable for this study. These 

costs were estimated to be the difference between the price of oil 

and meal in terms of peanut value and the cost of peanuts to the pro

cessor.—  ̂ This difference for 1976 came out to be 9,400 CFA/ton of 

peanuts. It is not certain which part of this figure goes to pro

cessing costs, however, in the Gambia in the same year processing 

costs were 5,885 CFA/ton processed [42], Assuming shipping and

—  In the case of Senegal, this cost difference is D = (.335 PO +
.400 PM) - PP where PO is the export price of peanut oil, PM 
is the export price of peanut meal and PP is the price to the 
processor.



Table 13. Processing Costs and Milling Recovery Rates, Senegal, 
1975/76.

Commodity
Processed

Form
Recovery

Rate
Cost

(CFA/ton)

Cotton^ Ginned cotton .374 32,221
Cottonseed .530

Peanuts Crude oil .335 9,400
Peanut meal .400

Cr_de Peanut Refined oil .960 23,364
Oil Peanut meal .040

Rice Paddy^
1

White rice . 660 17,263

Maize^ Semolina .850 15,350

Millet-/ Millet flour .780 16,320

Wheat— / Wheat flour .700 13,890

o /— Source: SODEFITEX, unpublished data. 

— ' Source: Cll8H

docking costs of about 2,400 CFA/ton [77]], the total figures are 

about the same.

The processing cost for refined peanut oil was calculated simi

larly to the above. In this case, the price of refined oil in terms 

of peanut value less the world price of peanut oil was calculated as 

the processing cost in the objective function.— ^

—  This is calculated as (.96 PRO) - PO where PRO is the export price 
of refined oil.



Trade activities for peanuts, peanut oil, peanut meal, processed 

cotton, rice, maize, millet, and wheat were included in the model.

The export activities are for peanuts, peanut products and cotton, 

and the import activities are for the cereal products. All prices 

for export and import activities are assumed exogenous to the model 

because of the assumption that Senegal is a small country in world 

trade. Thus, for all tradable products, the equilibrium price is 

determined by the price at which the product can be exported or im

ported (cf. Figure 2).

While a peanut export activity is included in the model for grea

ter flexibility, all of the peanuts in Senegal, except for edible 

nuts, are processed by domestic oil mills. All peanuts are collected 

by ONCAD and sold to the processing mills at a price fixed by the 

government based upon world market prices.—  ̂ The peanuts are pro

cessed into peanut oil and meal. Al] of the meal is exported. Part 

of the oil is exported and the rest refined domestically. The refined 

oil is either exported or sold domestically at a price fixed by the 

government.

All wheat consumed in Senegal is imported as no domestic produc- 
2/:ion as of yet exists.— Maize and millet are imported into the

3/country in much smaller quantities.— 
jy
—  For a description of the procedure used by Senegal to fix the price 

of peanuts to the processors, see [5, 8lU.
; /
— Wheat has been grown for two years, 1972/73 and 1973/74 in the irri 

gated area of the Fleuve. However, this project is in the experi
mental stages and domestic production has not yet been shown to be 
viable alternative.

3/— A large part of the imported maize is processed for animal feed.

Export and Import Activities
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Risk

The data on international prices used to measure the price risk

element in the model consisted of time series data from 1968-1976

on export and import prices. Information on export and import prices 

was available prior to 1968. However, during the earlier years, ex

port prices of peanuts and peanut products from Senegal were supported 

by France at a guaranteed price above world market levels. Data pre

vious to 1968 were not used because the market conditions of pre- 

1968 are not the market conditions faced by Senegal today.

The time series data on international prices was detrended in 

order to take out the effects of any long term trend influences on 

prices. With detrending, Equation (23) is rewritten as

(23’) Dn = E(C*n) Tj

where C* = C. - C, = e and C, was defined previously.—  ̂ Assum-jn jn jn n jn
2/ing E(e^) = 0, then Equation (23') is obtained.—

Assuming that the cov (P,Y) = 0 for each crop, where P is the 

international price and Y is the crop output, the measure of the 

quantity risk element was estimated from time series data from 1968-76 

on regional production. The measure of risk used was the coefficient 

of variation of regional production as estimated from this time period,

—  In this case, C j n  = a + b t where t is a time variable and the a 
and b coefficients were estimated from regression analysis in 
linear form- For this methodology, see Hazell [48]] and Rodriguez 
[92, pp. 37-38].

y  d -  s
n j (Cj n - E(cn »  Tj Cjn Tj lf E(en> = °-
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Since it was not possible to estimate a coefficient of variation 

corresponding to each particular technological set incorporated in 

the model, the same crop coefficient of variation was used for each 

crop technology.

The time series data on regional production was also detrended. 

In order to detrend the data, a regression equation of the form Y 

= a + bT was estimated where Y is the estimate of regional produc

tion in year t, T is time, and a and b are estimated regression coef-
• Nficients. There Was a significant trend, however, only in the case 

of cotton production. For all production, the coefficient of varia

tion of regional production was estimated by taking the standard 

error of estimate (SEE) from the regression trend equation and divid

ing it by the mean of production. The estimated regression trend 

equations for both international prices as well as regional produc

tion are given in Appendix E.

Summary and Conclusions

This chapter has presented the assumptions and the model struc

tures for the agricultural sector model of Senegal which will be used 

in the analysis of comparative advantage in Senegal. In the next 

chapter, the results of the model validation and the results of the 

analysis of comparative advantage under certainty conditions as well 

as uncertainty conditions will be presented.



CHAPTER IV

MODEL VALIDATION AND COMPARATIVE ADVANTAGE ANALYSIS

In this chapter the results of two preliminary programming 

mcdels and the analysis of agricultural comparative advantage in Sene

gal are presented.. Two base models were developed for the empirical 

analysis. The first model contains limited import and interregional 

transfer activities between regions.—  ̂ The second model contains 

import and interregional transfer activities for all crops and regions 

in the model. While actual trade flows between regions are small 

in Senegal, the second model is useful to determine regional compara

tive advantage at the financial prices for 1975/76.

The results of the base models were obtained using observed prices 

and labor supply data for the crop year 1975/76. Yields and area 

of each crop were adjusted to fit values for 1973/74 to 1975/76. Aver

age values were used for both yields and area planted because they 

both vary significantly with rainfall each year. For crops whose pro

duction is controlled by government programs, upper bounds were imposed 

on area planted at the levels of 1975/76.

—  Specifically, this model includes import activities for rice and 
wheat into each region and import and interregional transfer acti
vities for maize and millet in the Cap Vert region and in the two 
peanut basin areas.
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The base model solutions were obtained using financial prices, 

i.e., prices actually charged in Senegal. All model solutions for 

the comparative advantage analysis were obtained using social or 

"economic” prices. These prices correct for policy distortions in 

market prices which arise from taxes or subsidies levied by the 

government. The economic prices were used instead of financial 

prices in the comparative advantage analysis because the latter do 

not represent the "real" costs to the economy.

Preliminary Model Results 

Model I

The results for Model I, the preliminary model with limited 

interregional transfer and import activities, are shown in Table 14. 

Sections I and II of Table 14 compare the model results to three- 

year averages from 1973/74 to 1975/76 for area planted and production 

by region by crop. In general, the results of the model appear to 

reasonably simulate observed conditions in Senegal. Upper bounds for 

1975/76 were set for area planted in rice in the Senegal Oriental 

and in the Fleuve, for maize in the Southern Peanut Basin, and for 

cotton because production of these crops is controlled by government 

programs.

From Sections I and II, it is observed that the model solutions 

for total millet and peanut production in Senegal (in terms of area 

and production) are close approximations of the observed values.

By region, the largest deviations are for peanut production in the 

Fleuve. However, peanut production in this region is marginal and it
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Table 14. Base Model Results, Model I, Senegal, 1975/76.

I Production
Model
Results

Observed
Value

Percent
Error

Q

A Peanuts

Senegal Oriental
Casamance
N. Peanut Basin
S. Peanut Basin
Fleuve
Total

B Millet
i

Senegal Oriental
Casamance
N. Peanut Basin
S. Peanut Basin
Fleuve
Total

C Cotton

Senegal Oriental 
Casamance 
S. Peanut Basin 
Total

55,785
108,895
474,325
465,917

768
1,105,690

66,227
97,325

457,647
348,583
104,497

1,074,279

14,600
18,100*
6,500*

39,200

48,000
119,900
472,500
473,375

6,433
1,120,208

70,960
95,200

446,900
334,275
100,200

1,047,535

16,550
18,100*
6,500*

41,100

16.2
-9.1

0.0
-1.5

- 88 .0
-1.3

- 6.6
2.2
2.4
4.2
4.2
2.5

-11.7
0.0
0.0
-4.6

D. Rice

Senegal Oriental
Casamance
Fleuve
Total

5,000*
72.779 
10,000
87.779

5,000*
67.350 
10 ,000*
82.350

0.0
8.0
0.0
6.6

E. Maize

Senegal Oriental
Casamance
Fleuve
S. Peanut Basin 
Total

24,264
15,500
12,173
3,000*
54,937

23,636
14,900
15,566
3,000*

57,102

2.6
4.0

-21.7
0.0
3.7

(Continued)

•dir
* Upper Bound 75/76



98

m
Table 14. (Continued)

II. Production
Model
Results

Observed
Value

Percentage
Error

----- (Tons)
A. Peanuts

Senegal Oriental 48,578 42,200 15.1
Casamance 110,165 134,333 -17.9
N. Peanut Basin 416,253 424,700 -1.9
S. Peanut Basin 470,785 439,667 7.0
Fleuve 307 3,133 -90.2
Total 1,046,088 1,044,033 .2

B. Millet

Senegal Oriental 40,235 41,800 •"* -3.7
Casamance 88,000 88,400 - .4
N. Peanut Basin 264,823 266,733 - .7
S. Peanut Basin 221,297 223,900 -1.1
Fleuve 38,832 40,566 -4.2
Total 653,177 661,399 -1.2

C. Cotton

Senegal Oriental 18,372 16,833 9.1
Casamance 22,100 15,300 44.4
S. Peanut Basin 6,500 5,400 20.3
Total 46,772 37,533 24.6

D. Rice

Senegal Oriental 10,500 13,386* -21.5
Casamance 87,469 91,900 -4.8
Fleuve 19,278 18,500* 4.2
Total 117,187 123,786 -5.3

E. Maize

Senegal Oriental 21,750 19,133 13.6
Casamance 15,500 15,633 - .8
Fleuve 7,000 8,366 -16.2
S. Peanut Basin 5,047 5,600* -9.8
Total 49,297 48,732 1.1

* 1975/76

(Continued)
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? o
Ts-ble 14. (Continued)

III. Producer Prices

A Peanuts

All regions

B. Millet

Senegal Oriental
Casamance
Fleuve
S. Peanut Basin 
N. Feanut Basin

Model
Results

Observed
Value

------ (CFA/kg.)--------

41.306 41.5

60.969 30.0
45.889 30.0
45.435 30.0
25.839 30.0
36.779 30.0

Percentage
Error

- .4

103.2 
52.9 
51.4 

-13.8 
- 22.5

C Cotton

Senegal Oriental 
S. Peanut Basin 
Casamance

72.995
74.995 
69.505

65.576
65.576
65.576

11.3
14.3 
5.9

■!3*

D Maize

Casamance 
S. Peanut Basin 
Senegal Oriental 
Fleuve

34.901
40.076
50.389
36.278

35.0
35.0
35.0
35.0

- .3 
14.5 
43.9 
3.6

E . Rice Paddy

Senegal Oriental
Casamance
Fleuve

52.752
52.227
80.785

41.5
41.5
41.5

27.1
25.8
94.6

(Continued)

#
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Table 14. (Continued)

IV. Retail Prices
Model
Results

Observed
Value

Percentage
Error

------ (CFA/kg. )------

A. Peanut oil (domestic) 202.623 200.000 3 .3
B. Cotton (domestic) 291.575 291.575 0.0

C. Millet

Senegal Oriental 75.969 45.000 68.8
Casamance 60.889 45.000 35.3
S. Peanut Basin 40.839 45.000 9.2
N. Peanut Basin 51.779 45.000 15.0
Fleuve • 60.435 50.000 20.8
Cap Vert 79.742 80.000 - - .3

D. Maize

Senegal Oriental 65.389 50.000 30.7
Casamance 49.901 50.000 - .2
S. Peanut Basin 55.076 50.000 10.1
N. Peanut Basin 55.000 55.000 0.0
Fleuve 51.278 55.000 67.6
Cap Vert (semolina) 77.270 80.000 -3.4

E . Rice

Senegal Oriental 97.000 97.000 0.0
Casamance 96.300 96.300 0.0
S. Peanut Basin 92.500 92.500 0.0
N. Peanut Basin 92.000 92.000 0.0
Fleuve 93.200 93.200 0.0
Cap Vert 90.000 90.000 0.0

F. Wheat Flour-'

Senegal Oriental 93.000 93.000 0.0
Casamance 92.300 92.300 0.0
Fleuve 89.200 89.200 0.0
N. Peanut Basin 88.000 88.000 0.0
S. Peanut Basin 88.500 88.500 0.0
Cap Vert 86.000 86.000 0.0

a/— Totally imported.
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Table 14. (Continued)

. Exports and Imports
Model

Results
Observed
Value

Percentage
Error

------ (Tons) -

Imports

Rice 161,606 170,936 -5.4
Wheat 90,286 99,380 -9.1
Maize 6,443 6,080 5.9
Millet 6,000* 6,000* 0.0

Exports

Peanut oil (crude) 200,269 153,628 30.3
Peanut oil (refined) 36,800 30,032 22.5
Peanut meal 334,650 283,051 18.2
Raw cotton 12,622 7,892 59.9

* Lower bound 1975/76

varies from year to year. The understatement of the model solutions 

of peanut production in the Casamance is due to the profitability 

of upland rice production at the observed price of 90 CFA/kg of milled 

rice in the model.

In Section II, it is observed that peanut production (tons) is 

higher than observed in the model solution in the Southern Peanut 

Basin and the Senegal Oriental. This result may be due to the assump

tion that animal traction packages are available to all farmers in 

infinitely elastic supply. In the model solution, all of the produc

tion activities include use of animal traction whereas, in reality,

I
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some farmers use totally manual techniques.—

This conclusion also holds for peanut production in the Northern 

Peanut Area where it appears that the model more accurately predicts 

actual peanut production. However, the observed value of peanut 

production in this region may overstate "normal" production due to 

abnormally large production increases which occurred in 1975/76. When 

s four year average of observed values was compared with the value 

obtained by the model, the difference in peanut production between 

the observed and model results was of the same magnitude as for the 

Southern Peanut Basin.

From the model solution, it appears that cotton production is 

profitable to produce in the Casamance and in the Southern Peanut 

Basin. In both of these regions, the cotton land constraints for 

1975/76 imposed on the cotton production activities are binding. 

I'ational production of cotton (in terms of area) is understated by 

the model due to the lower value of cotton area planted in the Senegal 

Oriental in the model solution as compared to the observed value.

In Section II, a consistent difference between the model results 

and the observed values occurs in cotton production, which is over

stated by the model in every region. The result occurs because 

every production activity for cotton in the model solution requires 

urea for production. In reality, only about 60 percent of the farmers 

who plant cotton use urea because, with late seeding, there is a risk

— / For peanuts, the introduction of animal traction also includes the 
yield increasing effect of improved seed.



that spreading urea will not result in any improvement In yield.

Producer and retail prices calculated by the model are presented 

in Sections III and IV of Table 14. From section IV, the retail 

prices calculated by the model are close to the observed values for 

rice, wheat, cotton, and peanut oil. These prices are for interna

tionally traded products, and they are determined by the export and 

import prices used in the model. The prices for rice and wheat 

are assumed to vary by region by the transport costs from Dakar.

The Dakar price of rice used in the model is 90 CFA/kg. ^This 

price is the average price for 1975/76. —  ̂ However, the import price 

of rice in the model is 51 CFA/kg. for broken rice in the same year. 

After unloading and other costs are accounted for, the government 

collects about 30 CFA/kg. on the difference between the retail price 

of rice and the import price. This policy of taxing domestic consump

tion of rice is part of the government policy to discourage domestic 

consumption of rice through higher than equilibrium prices, while 

at the same time making domestic production of rice profitable.

Regional consumer prices for millet and maize are quite differ

ent from the prices calculated by the model. This result is due to 

the manner in which the consumer prices were obtained. As no regional 

price series was available, these prices were calculated by adding

a fixed margin to the producer price set by the government. The
2/transfer margin used in the model was set at 15,000 CFA/ton.— This

—  ̂The price was 100 CFA/kg. for the latter part of 1975 and 80 CFA/ 
kg. for the first part of 1976.

2/— This is the average margin in the Southern Peanut Basin.



mcrgin is the cost charged by the commercants or private traders who 

purchase grain from the farmers and resell it in urban areas.

The large differences in retail prices appear to be due to the 

implicit producer prices calculated by the model. For millet and 

maize, these implicit producer prices are not the same as the pro

ducer prices set by the government (Section III). Except in the 

Southern Peanut Basin,the implicit producer prices for millet in 

the model solution are higher than the official prices. For maize,

the implicit producer price is higher in the Senegal Oriental, and
i

ir. the Southern Peanut Basin than the official price. These differ

ences may explain, in part, why the government markets only a small 

fraction of total output.

The implicit producer prices calculated by the model do not 

appear to be unreasonable, however. SODEVA [112] reports that in 

1* 75/76 the farmers were selling maize in the Southern Peanut Basin 

on the unofficial market for 40 CFA/kg. rather than selling to ONCAD 

at 35 CFA/kg. PRS [117] reports that rice paddy sells for about 54 

CFA/kg. in the Casamance on the unofficial market. In addition, 

SONED Cll8l] reports that the farmers will charge as high as 69 CFA/ 

kg. for millet sold around Tambacounda (Senegal Oriental) on the un

official market.

The implicit producer price for cotton is also shown in Section 

III. From comparison of the implicit price with the producer price 

paid by SODEFITEX it appears that at 1975/76 prices, SODEFITEX was 

collecting 5-10 CFA/kg. on cotton sold. The higher valuation of 

cotton by the model as compared to the price paid is due to the



valuation of the cottonseed at 25,000 CFA/ton. The higher valuation 

of cotton produced in the Southern Peanut Basin and in the Senegal 

Oriental as compared to the Casamance is due to the lower costs of 

transporting ginned cotton as well as the cottonseed to Dakar.

The implicit producer price for irrigated rice in the Fleuve 

of 80,785 CFA/ton was generated by the model with a subsidy on 

milled rice of 43,000 CFA/ton. While the level of the actual sub

sidy paid for irrigated rice in the Fleuve in 1975/76 is unknown, 

it is known that SAED and ONCAD receive a subsidy on the proportion 

of the rice which is marketed. This subsidy, however, is calculated 

on the basis of 41.5 CFA/kg., the official producer price for rice 

paddy and the price at which SAED purchases rice from the farmers.

The subsidy calculated for the model is based upon the operating 

costs for partial water control and full water control irrigation 

activities in the model. Without the subsidy, only the full water 

control irrigation activities would enter the model solution.

Section V shows the export and import quantities of tradable 

products in the model solution. A lower bound was set for millet im

ports at the level for 1975/76 because, at the prices in the model, it 

is more profitable to transport millet to Dakar from the Southern 

Peanut Basin than to import millet into Dakar. In reality, millet 

is imported by processors because of marketing problems with ONCAD.

While the total production of peanuts calculated by the model 

closely approximates the observed values, exports of peanut products 

in the model solution are not as close to the observed values. This 

result is due, in part, to the assumption that 80 percent of the



peanuts will be marketed by ONCAD. This figure may be too high.— ^

Ir addition, the model does not take account of losses of peanuts 

in transit or at the mill.

Cotton exports are also much higher than the observed values given 

in Section V. This result is due to the overestimate of cotton pro

duction by the model.

The shadow prices estimated by Model I are shown in Table 15 

by region. These prices are calculated only for fixed resources and 

represent the marginal return to an incremental increase in the sup

ply of the fixed factor. The shadow prices shown in Table 15 are for 

fertilizer, land, and labor.

The highest shadow prices for land in the model solution are 

obtained in the Senegal Oriental and in the Casamance. This result 

is interesting because, in fact, it is expected that further in

creases in the supply of cultivable land in Senegal will come from 

these two regions.

In all of the regions, the constraining periods for labor activi

ties are generally periods 3, A, and 5. During these periods, the 

weeding and other cultural activities as well as the harvesting of 

the crops takes place. In the Southern Peanut Basin, where the sha

dow price for labor is the highest, the largest number of navetanes 

are hired.________

— The percentage of peanuts marketed varies by year with the finan
cial needs of the peasants, the producer price of peanuts in the 
Gambia, and with the price of peanut oil sold in stores. If the 
price of peanut oil is relatively high as compared to the price of 
peanuts, farmers will retain peanuts for home crushing to obtain 
peanut oil. Also, if producer prices are higher in the Gambia, 
the farmers will sell peanuts illegally to Gambia collectors. The 
figure of 80 percent is the amount marketed for 1975/76.



Table 15. Shadow Prices of Fixed Resources, by Region, Model I, Base Case, Senegal, 1975/76.

Resource

Region
Senegal
Oriental Casamance

N. Peanut 
Basin

S. Peanut 
Basin Fleuve

Land ( CV  A /T4A ^ —  —

Upland Cultivable 16,623 15,546 2,903 51.8 0
Upland Destumped 31,820 57,897 13,000 8,906 —
Swamp 2,913
Flood Recession
Irrigated (Partial Control) 69,196 8,740
Irrigated (Full Control) 1,781
Cotton Land 0 284 36,305 109,783
Corn Land 5,121

Labor

Period 1 0 0 0 0 0
Period 2 0 53 0 0 0
Period 3 0 694 0 1,416 0
Period 4 708 0 0 0 515
Period 5 275 0 1,288 0 0

Fertilizer - A /  Kg. )

14-7-7 126.0 83.8 45.3 39.5 —
8-18-27 128.0 58.0 40.3 ' 125.0

o



The fertilizer shadow prices shown in Table 15 are highly vari

able by region. These prices vary with the amount of fertilizer 

available to the region as well as the crop mix which can be culti

vated in each region. In 1975/76, the price of all NPK fertilizers 

to farmers was 16 CFA/kg. At this price, it appears to be financially 

profitable for farmers to expand usage of fertilizer in crop produc

tion.

The shadow prices for irrigated land in the Fleuve presented in 

Table 15 are generated with the subsidy on milled rice of 43,000 CFA/ 

ton. The shadow prices for unsubsidized irrigated land in the Fleuve 

as well as for other types of land in rice production (by technique 

of production) are shown in Table 16. The types of land for rice 

production in Table 16 include swamp, irrigated and upland.

For irrigated rice land in the Fleuve, the full water control pro

duction activities are differentiated as to whether the land is 

located in the Delta or not. The former has an expected rice yield 

of 3,100 kg. of rice per hectare which is lower than the expected 

rice yield of 4,760 kg. of rice per hectare for the latter [95, p 2]. 

The yields for irrigated land not located in the Delta are assumed 

to be the expected yields of the irrigated areas in the Upper and 

Middle Senegal River Valley.

The financial costs for additional investment in a hectare of 

irrigated land in the Fleuve and in the Casamance are shown below:
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Table 16. Shadow Prices of Rice Land by Region, and Technique of 
Production, Model I, Base Case, Senegal, 1975/76.

Rice/Land
Technique

Region
Senegal
Oriental Casamance FIeuve

Swamp/Manual 2,913
Swamp/Improved 23,479
Swamp/Partial Control 69,196*
Irrigated/Partial Control 0
Irrigated/Full Control Delta 8,549
Irrigated/Full Control 55,290
Irrigated/Double Crop 131,082*
Upland/Improved i 27,391 2,490

* Indicates shadow price is greater than the annualized one year in-
vestment cost.

Region Cost
(CFA/ha.)

Casamance (partial) 11,060
Fleuve (partial to full) 22,811
Fleuve (full) 96,860

These costs were estimated by the author from the calculations in 

Appendix A. The costs above are annualized investment costs, which 

include one year’s straight line depreciation plus one year’s inter

est on the initial capital cost. From Table 16, the shadow price for 

irrigated land in partial water control in the Casamance indicates 

that further investments in irrigated structures are profitable at a 

price for milled rice of 90 CFA/kg. Improved swamp land in the 

Casamance as well as improved upland rice in the Senegal Oriental 

also appear to be profitable alternatives to rice imports at the 

prices in the model.
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In the Fleuve, only irrigated double crop rice generates a sha

dow price in the model which is larger than the annualized invest

ment costs. However, it is profitable to convert the partial water 

control structures to full water control structures at the prices 

in the model. The Senegalese government is aware of this profita

bility in converting partial to full water control irrigation struc

tures and is currently in the process of making this conversion 

[76].

Preliminary Results: Model II

In order to formulate a model which can be used for analysis 

of comparative advantage in Senegal, a second base model was devel

oped. This model includes all of the activities of Model I with 

the addition of interregional transfer and import activities for 

m.llet and maize into all regions. In addition, the crop constraint 

on maize in the Southern Peanut Basin was increased to 12,000 ha. 

from 3,000 ha. in 1975/76. The reason for this change is that in

creased maize production Is a policy goal of the Senegalese govern

ment which needs to be analyzed and it is believed that the constraint 

of 3,000 hectares understates the capacity of Senegal to produce 

maize in this region. In the 1976/77 crop year, maize production 

increased from 3,000 hectares in 1975/76 to 12,000 hectares. However, 

the maize project sponsored by SODEVA actually envisages putting 25,000 

hectares into production of maize in the Southern Peanut Basin by 

1980 [129].



Interregional transfer activities were included in the mode] 

to determine the comparative advantage of the different regions in 

producing and transporting cereals. During non-drought years, ONCAD 

transfers very little maize or millet to the regions outside of Dakar. 

One likely reason for this is the fact that with the transport costs 

used in the model, it is never profitable for ONCAD to transfer grain 

between regions. ONCAD is required to pay the farmers a guaranteed 

price for grain and it is required to resell the grain at a guaranteed 

price to the wholesalers. Thus, in effect, it is only the private 

traders who can exploit the price differentials in the model. While 

interregional trade may exist across regions on the unofficial mar

ket, this trade is, of course, undocumented.

The results for Model II are shown in Table 17. This table 

presents regional crop production, prices, imports and exports, 

and interregional transfers and compares then to the results In Model 

I.

As can be seen in Model II, with Interregional trade, the Southern 

Peanut Basin is the lowest cost supplier of millet for urban consump

tion in the Casamance, Senegal Oriental, Fleuve, Northern Peanut 

Basin as well as in the Southern Peanut Basin. Transfers of millet 

from the Southern Peanut Basin to meet the urban demands for millet 

in all four of the above regions occur in the model solution. These 

transfers take place at the implicit producer prices calculated by 

the model, thus making the transfers profitable. The resources 

released from millet production in the regions receiving the transfers 

are brought into peanut production while the production of peanuts



Table 17. Base Model Results, Model II, Compared with Model I, 
Senegal, 1975/76.

I. Production____________________  Model II_____________ Model I

A. Peanuts ------------(ha.)------------

Senegal Oriental 60,074 55,785
Casamance 108,913 108,895
N. Peanut Basin 499,224 474,325
S. Peanut Basin 441,508 465,917
Fleuve 11,776 728
Total 1,121,495 1,105,720

B . Millet ,

Senegal Oriental 63,561 66,227
Casamance 95,007 97,325
N. Peanut Basin 432,748 457,647
S. Peanut Basin 366,615 348,583
Fleuve 94,132 104,497
Total 1,052,063 1,074,279

C. Cotton

Senegal Oriental 12,880 14,600
Casamance 18,100 18,100
S, Peanut Basin 6,500 6,500
Total 37,480 39,200

D. Rice

Senegal Oriental 5,000 5,000
Casamance 72,469 72,779
Fleuve 10,000 10,000
Total 87,469 87,779

E . Maize

Senegal Oriental 24,417 24,264
Casamance 15,500 15,500
S. Peanut Basin 9,375 3,000
Fleuve 12,173 12,173
Total 61,465 54,937

(Continued)



41.306 41.306

47.782
45.889
36.779
27.279
45.435

60.969 
45.889 
36-* 7 79 
25.839 
45.435

72.995 
69.505
74.995

72.995 
69.505
74.995

52.752
52.227
80.785

52.752
52.227
80.785

39.986
34.901
30.070
36.278

50.389
34.901
40.096
36.278
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Model TI Model I
(CFA/kg)

Table 17. (Continued)

III. Producer Prices

A. Peanuts 

All Regions

B . Millet

Senegal Oriental 
Casamance 
N. Peanut Basin 
S. Peanut Basin 
FleuVe

C. Cotton

Senegal Oriental
Casamance
S. Peanut Basin

D Rice Paddy

Senegal Oriental
Casamance
Fleuve

E . Maize

Senegal Oriental 
Casamance 
S. Peanut Basin 
Fleuve

(Continued)
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Table 17. (Continued)

IV, Retail Prices Model II Model I
■ (CFA/kg)-

A. Peanut Oil 

All regions

B. Cotton

C.. Millet

Senegal Oriental
Casamance
S. Peanut Basin
N. Peanut Basin
Fleuve
Cap Vert

D. Maize

Senegal Oriental
Casamance
S„ Peanut Basin
N. Peanut Basin
Fleuve
Cap Vert

E. Rice

No Change

F. -Wheat

202.623

291.575

51,450
50.505
41.405
51.779
52.650
80.397

51.278 
49.901 
45.070 
46.566
51.278 
77.270

202.623

291.575

45.969
6i).889
40.839
51.779
60.435
79.742

65.389
49.901
55.076
55.000
51,278
77.270

No Change

(Continued)



Table 17. (Continued)

V. Imports Model II Model I
---------(tons) ---------

Rice 161,579 161,579
Millet 16,025 6,000*
Maize 4,117 6,080
Wheat 90,286 90,280

Exports

Peanut Oil (Crude) 204,239 200,269
Peanut Meal 339,390 334,650
Peanut Oil (Refined) 36,800* 36,800*
Cotton 12,662 12,622

VI. Interregional Trade

A. Millet (from S. Peanut Basin)

Senegal Oriental 1,600 0
Casamance 1,700 0
N. Peanut Basin 10,582 0
Fleuve 3,500 0
Cap Vert 0 9,625
Total 17,182 9,625

B. Maize

N. Peanut Basin (from S. Peanut Basin) 2,000 0
Total 2,000 0

* Upper bound 1975/76



-n the Southern Peanut Basin declines.

While it appears that, with interregional trade, the Southern 

'eanut Basin is the lowest cost supplier of millet to the four 

regions mentioned above, the Southern Peanut Basin is no longer the 

lowest cost supplier of millet to the Cap Vert. Imports of millet 

for consumption in the Cap Vert Region increase from 6,000 tons (the 

level of the lower bound for 1975/76) to 16,025 tons (Section IV). 

This result is due to the higher implicit producer price of millet 

in the Southern Peanut Basin in the Model II solution than in the 

)bdel I solution (Section III). At this higher producer price, 

nillet supply to the Cap Vert via the port is slightly more profit

able than supply via the Southern Peanut Basin. Hence, with inter

regional trade, it is profitable for Senegal to supply millet from 

comestic sources to the interior regions, but profitable to supply 

nillet via imports to the port region of the Cap Vert.

The relatively small amount of total millet production shipped 

from the Southern Peanut Basin is due to the fact that Model II 

only allows for imports and interregional transfers as an alternative 

source of supply for urban consumption. Since about 80 percent of 

the cereals produced in Senegal are consumed by the producers them

selves, the urban demands as well as the amounts transferred for 

urban consumption of these cereals are small relative to total pro

duction .

The Southern Peanut Basin also appears to be the lowest cost 

producer of maize into the Northern Peanut Basin if the hectares 

planted in maize are allowed to increase in the model. Transfers of



ir.aize from the Southern Peanut Basin to the Northern Peanut Basin 

effectively replace all of the imports which were imported to this 

region in Model I. As a result, total imports of maize into Senegal 

decline. The remaining imports of maize in the Model II solution 

are for consumption in the Cap Vert.

The overall result of the introduction of interregional trade 

into the agricultural sector model of Senegal is to increase the 

area planted and production of peanuts at the expense of millet
• N

production (Sections I and II). At the same time that millet imports 

increase, exports of peanut products increase slightly (Section V ) ^

Conclusions

The previous section has presented the results of two programming 

models of the agricultural sector of Senegal. The first model, which 

contained limited interregional trade activities, appeared to reason

ably simulate the observed values for production of agricultural pro

ducts in Senegal. The second model, which included interregional 

:rade activities for all products into all of the regions, demonstrated 

the least cost pattern of interregional as well as international 

trade at the financial prices for 1975/76. The results of the latter 

nodel show that the Senegalese can profitably produce millet and 

naize for consumption in the interior regions, but that imports are

—  ̂The country is also "better off" in terms of a larger value of the 
objective function, which is the sum of producer and consumer sur
plus, obtained in Model II as compared to Model I.
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the least cost source of supply to the port. Imports of rice and 

wheat are largely unaffected in this analysis.

Analysis of Comparative Advantage 

in Senegal Under Certainty

This section will present the results of the analysis of compar

ative advantage in Senegal under certainty conditions. The analysis 

consists basically of modifying Model II presented above to "correct" 

fcr the price distortions which exist in the Senegalese economy 

due to government intervention in the economy through taxes and sub

sidies. The purpose of the comparative advantage analysis is to 

analyze the resulting pattern of production and trade in an open 

economy at prices which reflect the real costs (benefits) to society.

This section is divided into two parts. The first section de

scribes the changes in the prices used in Model II which were made in 

order to undertake the comparative advantage analysis. The second 

section presents the results of Model III, the comparative advantage 

mcdel for Senegal.

Description of Prices in the Comparative 

Advantage Model

The theory for obtaining economic or shadow prices was reviewed 

in Chapter II. The following section provides a brief summary of 

the changes in the prices of Models I and II which were Incorporated 

into the prices of Model III, the comparative advantage case. A 

description of the economic as well as the financial prices is given 

in Appendix A.
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: hadow Prices for Tradable Commodities

Reference prices for imported commodities (millet, rice, wheat, 

and maize) were taken to be the price in domestic currency (CFA) 

at the border. For maize and wheat, this price is the price at U.S. 

Gulf ports plus transport costs for 1975/76. For millet, the price 

of #2 yellow at Rotterdam plus transport costs to Dakar was used.

The reference price usually adopted for rice is the price of 

Thai milled 25-35 percent brokens. However, regular quotations have 

r.ot been available for this grade since 1973 and, in effect,'this 

price overstates the cost to Senegal because ONCAD purchases 100 per

cent brokens whenever it can.

The reference price for rice adopted In this study is a seven- 

year average (1970-1976) of c.i.f. rice prices In Senegal in 1975 

prices. This price series is essentially a weighted average of the 

import prices of broken rice and whole grain rice imported into Sene

gal. A seven-year average was used because rice prices are extremely 

x ariable.

For exported products, the f.o.b. prices for 1976 were used as 

leference prices in the model. As Senegal exports at world market 

prices (small country assumption), these prices can be taken as the 

relevant border prices. The prices for 1976 were used because pro

duction for 1975-76 is exported in 1976.

In order to correct for the assumed overvaluation of the CFA 

vis-a-vis foreign currency, the reference prices were multiplied by 

the shadow price of foreign exchange. The shadow price of foreign 

exchange estimated for the study was 1.13. The method of estimation



of this shadow price of foreign exchange is given by Appendix F.

Shadow Prices for Material Inputs

For inputs which are totally imported into Senega], such as urea, 

KC1, and machinery, the domestic import price (adjusted for taxes) 

multiplied by the shadow price of foreign exchange was assumed to 

be the reference price for comparative advantage analysis. For 

material inputs which are domestically supplied, the reference price 

adopted was the economic supply price adjusted for taxes. The 

foreign exchange component of the cost of these material inputs was 

acjusted by the shadow price of foreign exchange. The domestic com

ponent of the cost was valued at market prices (in CFA). For material 

inputs which are investment items, such as agricultural equipment, 

machinery, etc., interest charges were evaluated at the shadow inter

est rate of 11 percent.

Labor

In the linear programming model of the agricultural sector of 

Senegal, shadow prices for labor employed in agriculture are gener

ated for labor periods in which agricultural labor is fully employed. 

In the periods in which labor is not constraining, the value of agri

cultural labor is the reservation wage charged to the objective func

tion of the model. As mentioned in the previous chapter, the reser

vation wage in the agricultural sector model is assumed to be one- 

half the market wage rate in agriculture.
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Because shadow prices are generated in the model only for the 

periods in which labor is fully employed, a shadow price for agri

cultural labor in the non-constraining periods was required for the 

comparative advantage analysis. According to Sen, Mnrglin and 

lasputa [103], Harberger [44] and others, the primary determinant 

cf the shadow price for labor is the direct opportunity cost or out

put foregone of transferring the worker from his current occupation.—  ̂

An approximation of this cost for workers employed in agriculture 

is the wage rate for landless laborers. However, as both Sen et al. 

[103] and Harberger [44] point out, in periods of underemployment, 

this wage rate is likely to overestimate the marginal product of 

agricultural labor.

Based upon the arguments given in [103] and [44], the shadow 

price of agricultural labor for the slack periods was also assumed 

to equal the reservation wage. If it is recognized that the shadow 

wage rate in the slack periods should be greater than zero and less 

than the agricultural wage rate, this assumption is not unrealistic. 

Given the lack of information on labor employment in Senegal and the 

assumption that the market wage rate will overstate the marginal pro

duct of the small holder, the use of the reservation wage as the shadow 

wage rate appears to be as valid as any other estimate for a shadow 

wage. For navetanes, the same cost per laborer as was used in the 

financial analysis was used for the comparative advantage analysis.

— A second component of the shadow price of labor is the cost in 
terms of the increased aggregate consumption which would re
sult if the worker were transferred at a higher wage. This 
effect is not considered in this study.



Comparative Advantage Analysis for Senegal 

under Certainty Conditions

The results for Model III, the comparative advantage case, are 

shown in Table 18. This table shows the model results for regional 

production and prices, exports, imports, and interregional trade 

and compares them with the results of Model II. The only differences 

between the specifications of Models III and II is that all. prices 
f

in Model III are shadow prices instead of observed market prices.

The analysis of Model III in this section involves the conventional 

comparative advantage analysis under certainty (or risk neutrality). 

The analysis of comparative advantage under uncertainty (risk aver

sion) is presented in Chapter V.

The results of Model III suggest that Senegal has a comparative 

advantage in the production of peanuts and a comparative disadvantage 

in the production of millet and rice, given present technologies.

Urban consumption of rice and millet, as well as wheat, is supplied 

by imports in all regions in the Model III solution.

With the exception of the Cap Vert and the Northern Peanut Basin, 

urban consumption of maize is supplied by domestic production from 

within each region. Imports are the sole source of supply of maize 

to the Cap Vert, whereas imports and domestic production transported 

from the Fleuve are the source of supply to the Northern Peanut Basin. 

Thus it appears that, at economic prices, domestic production of
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Table 18. Results of Model III, Comparative Advantage Case, Com
pared to Model II, Senegal, 1975/76.

I. Production Model III Model II
Percent
Change

A. Peanuts

Senegal Oriental 62,941 60,074 4.7
Casamance 120,480 108,913 10.6
N. Peanut Basin 531,297 499.224 6.4
S. Peanut Basin 497,650 441,508 13.4
Fleuve 11,837 11,776 .5
Total 1,224,203 1,121,495 9.5

B. Millet

Senegal Oriental 62,400 63,551 -1.8
Casamance 97,293 95,007 2.4
N. Peanut Basin 401,176 432,748 -7.2
S. Peanut Basin 314,460 366,615 -14.2
Fleuve 94,626 94,132 0.5
Total 969,955 1,052,063 -7.8

C. Cotton

Senegal Oriental 12,171 12,880 -5.5
Casamance 18,100* 18,100* 0.0
S. Peanut Basin 6,500* 6,500* 0.0
Total 36,770 37,480 -1.9

D. Maize

Senegal Oriental 23,958 24,417 -1.8
Casamance 15,387 15,500 - .7
S. Peanut Basin 5,882 9,375 -37.2
Fleuve 15,395 13,260 16.1
Total 60,622 61,465 -1.4

E. Rice

Casamance 57,316 72,469 -20.9
Senegal Oriental 4,740 5,000* -5.2
Fleuve 5,726 10,060* -43.0
Total 68,865 87,529 -21.3

af
* Upper bound 1975/76

(Continued)
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lable 18. (Continued)

II. Production Model III Model II
Percent
Change

---------(tons)

A. Peanuts

Senegal Oriental
Casamance
N. Peanut Basin
S. Peanut Basin
Fleuve
Total

B. Millet
i

Senegal Oriental
Casamance
N. Peanut Basin
S. Peanut Basin
Fleuve
Total

C. Cotton

Senegal Oriental 
Casamance 
S. Peanut Basin 
Total

Q. Maize

Senegal Oriental
Casamance
S.. Peanut Basin
Fleuve
Total

E. Rice

56,320
123,206
462,117
505,885

4,734
1,152,265

38,823
86,235

236,588
202,352
35,294

599,294

15,518
24,900
6,500

46,918

21,250
15,375
5,000
8,847

50,472

54,950
109,553
436,172
455,219
4,730

1,060,564

38,823
86,235
252,374
233,852
35,294

646,578

15,736
22,100
6,500

44,336

21.875 
15,500
7,500
7,625

51.875

2.5 
12.5
5.9
11.1
0.5
8.6

0.0
0.0

- 6.2
-13.5

0.0
-7.3

-1.4
12.7
0.0
5.8

- 2.8
- 0,8
•33.3
16.0
-2.7

Casamance 
Senegal Oriental 
Fleuve 
Total

66,666
9,481
14,814
90,961

87,483
10,500*
19,278
117,261

-23.7
-9.7
-23.1
-22.4

(Continued)

*Upper bound 1975/76
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Table 18. (Continued)

III. Producer Prices Model III Model II
Percent
Change

A. Peanuts 

All Regions

B. Millet

Senegal Oriental 
Casamance 
N. Peanut Basin 
S. Peanut Basin 
Fleuve

55.775

68.439
60.193
58.916
37.665
56.420

(CFA/kg)

41.306

47.782
45.889
36.779
27.279
45.435

35.0

43.2
31.1 
60.0 
,38.0
24.1

C. Cotton

Senegal Oriental
Casamance
S. Peanut Basin

D . Maize

Senegal Oriental 
Casamance 
S. Peanut Basin 
Fleuve

E . Rice Paddy

Senegal Oriental
Casamance
Fleuve

89.948
84.285
91.726

55.100
47.753
36.336
28.499

47.290
50.980
69.100

72.995 
69.505
74.995

39.186
34.901
30.070
36.278

52.752
52.227
80.785

23.2
21.2 
22.3

40.6
36.8
20.8 

-21.4

-10.3
-2.4

-14.5

(Continued)

#
ti
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Table 18. (Continued)

IV. Retail Prices Model III Model II
Percent
Change

--------(CFA/kg)-------
A. Peanut Oil 

All Regions

B . Cotton 

All Regions

C. Millet

Senegal Oriental 
Casamance 
N. Peanut Basin 
S. Peanut Basin 
Fleuve .
Cap Vert—

D. Maize

Senegal Oriental 
Casamance 
N. Peanut Basin 
S. Peanut Basin 
Fleuve ,
Cap Vert—

E. Rice

Senegal Oriental
Casamance
N. Peanut Basin
S. Peanut Basin
Fleuve
Cap Vert

F. Wheat

Senegal Orienta-l 
Casamance 
N. Peanut Basin 
S. Peanut Basin 
FIeuve 
Cap Vert

a/— Processed form 
— / Totally imported

228.000

330.207

63.972
63.292
58.321
58.807
59.487
86.019

67.923
68.647
59.248
62.036
54.199
86.856

70.706
70.087
66.286
66.278
66.918
64.518

92.884
92.265
88.464
88.906
89.096
86.696

202.623

291.575

51.450
50.505
51.779
41.405
51.278
80.397

51.278 
49.901 
45.070 
46.566
51.278 
77.270

97.000 
96.300
92.000 
92.500 
93.200
90.000

93.000 
92.300
88.000 
88.500 
89.200 
86.000

12.9

13.0

24.3
'25.3
12.6
42.0
16.2
6.9

32.4
37.5
30.3 
33.2
5.6

12.4

-27.1
-27.1
-27.9
-28.3
-28.1
-28.3

- 0.1
0.0
0.5
0.4
0.1
0.8

(Continued)
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Table 18. (Continued)

V. Imports Model III Model II
Percent
Change

--------(tons)--------

Millet 53,456 16,025 233.5
Maize 5,230 4,117 27.0
Wheat 90,285 90,285 0.0
Rice 214,335 161,579 32.6

Exports

Peanut Oil (Crude) 228,220 204,239 11.7
Peanut Oil (Refined) 36,800* 36,800* 0.0
Peanut Meal 368,024 339,390 8.4
Cotton 13,447 12,662 6.2

VI. Interregional Trade

A, Millet (from S. Peanut
Basin)

Senegal Oriental 0 1,600 100
Fleuve 0 3,300 100
Casamance 0 1,700 100
N. Peanut Basin 0 10,582 100
Total 0 17,182 100

B Maize

N. Peanut Basin (from S.
Peanut Basin) 0 2,000 100

N. Peanut Basin (from Fleuve) 1,478 0 **
Total 1,47.8 2,000 26.1

* Upper bound 1975/76.



maize is the least cost source of supply to the interior regions, 

but imports are the least cost source of supply to the rep,Ions ncvir 

to the port.

From Sections I and II of Table 18, in the comparative advan

tage case production of peanuts increases while production of millet 

and rice decline. Although the magnitudes of the changes in pro

duction are not large, due to the assumption that rural demand is 

fixed and not supplied by imports, these changes demonstrate the
-*N

direction of comparative advantage when economic prices are brought 

into the analysis. The largest change in total production is the de

crease in rice production. This relatively large change is primarily 

due to the elimination of the 30 CFA/kg. tax on the consumer price 

of milled rice and to the relatively large urban demand for rice.

Implicit producer prices for peanuts and cotton are higher in 

the comparative advantage case than in Model II (Sections III and 

IV). This is due to the "correction" for the overvaluation of the 

CFA which, in effect, acts as an implicit tax on export products.

For peanuts, in addition, the transfer to the Caisse de la Perequation

et de Stabilisation des Prix, which is the difference between the 

cost of transport to the processing mills plus the fixed producer 

price for peanuts and the sale price to the processing mills, was 

removed as a cost of peanut production. This latter transfer acts 

as an implicit tax on peanut production.— ^

—' There is also an export tax on peanut products. The Senegalese gov 
ernment evidently taxes the entire crushing margin and pays the pro 
cessors a fixed fee out of the proceeds. Since peanut processing 
costs were not available, this was handled by subtracting the pro
cessing costs from the Gambia in 1975/76 plus a fee of 2,400 CFA 
for handling and export costs at the border. This difference was 
taken to bo the net export tax and was subtracted from the pro
cessing cost in the model.
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The implicit producer prices for millet and maize in Model III 

are also higher than in Model II. This is due to the higher costs 

of production, including the opportunity cost of peanut and cotton 

production foregone. Producer prices for paddy rice are lower due 

to the elimination of the consumer tax on rice and to the elimination 

of the subsidy on irrigation rice in the Fleuve.

Urban prices for all products except rice have also increased 

in Model III. For export prices, the price increase is due to the 

correction for the'overvaluation of the exchange rate. For millet, 

maize, and wheat higher import costs are also obtained through the 

correction for the overvalued exchange rate which increases the 

real cost of imports. Urban rice prices are lower due to the elim

ination of the consumer tax on rice. The overall effect of the 

introduction of the economic prices is to increase exports of peanut 

products and cotton and to increase imports of rice, millet, and 

maize (Section V).

The results of Model III demonstrate not only the direction of 

comparative advantage of Senegal in international trade, but also 

the direction of regional comparative advantage within Senegal.

Based upon the production levels in Sections I and II, and the im

plicit producer prices in Section III, it appears that all regions 

■ave a comparative disadvantage in the production of millet.—  ̂ At 

e-conomic prices, the Fleuve is the least cost supplying region for 

t.aize within Senegal. Production of maize in the Fleuve increases

— / The Southern Peanut Basin remains the least cost supplier of 
millet within Senegal.
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in Model III as compared to Model II.

Based upon the implicit producer prices for paddy rice, the 

Senegal Oriental is the least cost producer of rice in Senegal.

The highest implicit producer price for rice is obtained in the 

Fleuve. This region also has the largest decrease in rice produc

tion in Model III.

The shadow prices for the resource constraints are given in 

able 19 for the comparative advantage case. As compared to the 

shadow prices in Table 15 for Model I, the effect of the economic 

prices is to increase the returns to land. For labor, the shadow 

:rices are changed depending upon the production charges within each 

region.

Fertilizer shadow prices are also shown in Table 19. While the 

estimated "real" price of fertilizer to the Senegalese economy 

varies by region due to the transport costs from Dakar, the aver

age price estimated was about 65 CFA/kg. At this price, it does not 

appear profitable to expand millet fertilizer (14-7-7) in the Southern 

Peanut Basin or to expand peanut fertilizer (8-18-27) in the Northern 

Peanut Basin. In all other regions, expanded fertilizer use remains 

profitable.

The economic annualized costs of investment in rice irrigation 

are shown below:— /

— Based upon the author’s calculations in Appendix A at a shadow 
interest rate of 11 percent.
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Table 19, Shadow Prices of Fixed Resources, Model III, Comparative 
Advantage Case, Senegal, 1975/76.

Senegal S. Peanut N. Peanut
Resource Oriental Casamance Basin Bas in Fleuve

Land

Upland Cultivable 23,445 26,406 8,878 11,965 9,183
Upland Destumped 29,195 73,743 19,628 21,279
Swamp (Manual) 0
Swamp (Improved) 0
Swamp (Partial 
Control) 4,121
Irrigated (Partial
Control) 0
Irrigated (Delta) 0
Irrigated (Full
Control) 10,701
Irrigated (Double
Crop) 38,584
Flood Recession 2,500

Labor

Period 1 0 0 0 0 0
Period 2 0 0 0 0 0
Period,3 0 723 986 0 363
Period 4 501. 0 0 0 135
Period 5 442 0 486 1,288 0

Fertilizer

14-7-7 263.9 88.3 61.7 82.9
8-18-27 175.0 96.3 179.0 64.3



Region CFA/ha.

Swamp (Partial Control) 16,147

Irrigated (Partial to Full) 27,846

Irrigated (Full) 138,494

At these investment costs, it does not appear to be profitable to ex

pand any of the irrigation facilities assuming a price of milled rice 

at approximately 70 CFA/kg. However, it is still profitable to trans

form the partial water control facilities to irrigated double crop 

rice. i

Conclusions

This section has presented the results of the analysis of com

parative advantage under certain conditions in Senegal. From the 

results of Model III, it appears that Senegal has a comparative advan

tage in the production of peanuts and a comparative disadvantage in 

the production of cereals for supply to the urban sector with the pre

sent constraints on Senegalese development. The next chapter will 

present the analysis of comparative advantage under conditions of un

certainty.



CHAPTER V

ANALYSIS OF COMPARATIVE ADVANTAGE 

UNDER UNCERTAINTY IN SENEGAL

This chapter presents the results of the analysis of comparative

advantage under conditions of uncertainty and risk aversion fori
Senegal. The risk analysis is divided in three sections. The first 

section considers comparative advantage under the condition of uncer

tainty in international prices. The second section considers uncer

tainty in international prices and export quantities. The final 

section analyzes comparative advantage under conditions of uncertainty 

in international prices, export quantities, and in domestic production 

of import substitutes.

The model solutions for the analysis of comparative advantage 

under uncertainty were obtained with alternative values for <{>, the 

risk parameter pertaining to uncertainty in international prices, and 

X, the risk parameter pertaining to risk in domestic quantities of 

exports and import substitutes. No estimates of these parameters 

were available for the study. The common values for these coefficients 

range from zero to three.—  ̂ Model solutions in this analysis were

~  Assuming the deviations are normally distributed, each value of 
<t> corresponds to a confidence band around the mean value. In 
testing hypotheses, statisticians usually work with values of <J> 
between 1.5 and 2.0. However, it is reasonable that decision 
makers could have risk levels which are smaller or larger than 
these values. See Hazell et al. [45, pp. 22-24] for a discussion.
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obtained with values of (j> and X ranging from 0 to 2.5.

Comparative Advantage with 

International Price Uncertainty

Uncertainty in the international prices of traded commodities 

is one argument that has been advanced in support of import substi

tution programs and commodity price stabilization schemes. This sec

tion analyzes the comparative advantage of Senegal under the assump

tion that there is a cost associated with uncertainty in the interna

tional prices of its traded commodities. The effects of risk aver

sion to domestic yield uncertainty are treated in the following sec

tions .

The means, standard deviations, and coefficients of variation 

for international prices of traded commodities for 1968-76 are given 

in Table 20. From this table, it appears that rice is the riskiest 

commodity to import in terms of price variability. This commodity 

has the highest coefficient of variation of all of the tradable com

modities. The coefficients of variation for peanut products are 

also relatively high as compared to the coefficients of variation for 

cereals (except rice) and cotton. Based upon the evidence and with 

the additional assumptions of risk aversion of economic policy-makers, 

a trade strategy based upon exports of peanut products in exchange 

for imports of rice may not be the most desirable trade strategy.

Tables 21 and 22 give the model solutions for export and im

port levels under the assumption that uncertainty is confined to 

either prices of exported commodities (peanut oil, peanut meal, 

cotton) or to import prices (rice, millet, maize, wheat). Although



Table 20. Means, Standard Deviations and Coefficients of Variation for International Prices of 
Traded Commodities, Senegal, 1968-1976.

Mean Price Standard Deviation , Coefficient
Commodity_______________________ (CFA/Ton)______ of Price (CFA/Ton) —_______________of Variation

Inports

Millet 22,643 3,928 .173
Wheat 28,473 5,412 .190
Maize 24,673 2,505 .101
Rice 42,956 18,055 .420

Exports

Unrefined Peanut Oil 118,677 40,558 .341
Refined Peanut Oil 135,678 37,182 .274
Peanut Meal 27,118 6,167 .227
Peanuts 76,718 20,927 .273
Cotton 214,290 37,383 .174

Sources: [32, 34]

3 /—  Estimated as the standard error of the estimate from a linear regression of the form Y = a + bt
where Y = international price, t = time, and a and b are the estimated regression coefficients.

i
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Table 21. Comparative Advantage with International Price Risk in Export Prices, Export and Import 
Levels, Senegal.

Degree of Risk Aversion
Commodity <j) = 0 * = .5 <f> = 1.0 <f> = 1.5 <j> = 2.0 = 2.5/ . \

Imports

Rice 214,335 218,829 213,829 213,829 213,323 213,323
Wheat 90,285 90,285 90,285 90,285 90,285 90,285
Millet 53,456 45,444 42,353 26,994 26,894 16,025
Maize 5,230 4,724 4,118 4,118 4,118 4,118

Exports

Peanut Oil (Crude) 228,220 215,187 206,323 188,612 185,853 183,515
Peanut Meal 368,024 352,426 341,878 320,731 317,436 314,645
Peanut Oil 
fined)

(Re-
36,800 36,800 36,800 26,800 26,800 26,800

Cotton 13,447 13,348 13,348 12,945 13,044 13,044



^::jk

• i t •
i • i > 11

Table 22. Comparative Advantage with International Price Risk in Import Prices, Export and Import 
Levels, Senegal.

Commodity

Imports

Rice
Wheat
Millet
Maize

Degree of Risk Aversion
= 0 4> =  1.0 <f> = 1.5

214,335
90,285
53,456
5,230

212,829
90,285
53,456
4,724

(tons)

202,829
90,285
53,456
4,724

200,829
90,285
53,456
4,724

<t> = 2 . 0

188,054
89,857
45,444
4,724

= 2.5

184,297
88,285
45,444
4,739

Exports

Peanut Oil (Crude) 228,220 227,966 227,966 227,966 224,484 224,369
Peanut Meal 368,024 367,721 367,721 367,721 363,563 363,426
Peanut Oil (Re
fined) 36,800 36,800 36,800 36,800 36,800 36,800

Cotton 13,447 13,447 13,447 13,447 13,447 13,338
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Senegal is faced with the problem of uncertainty in export and im

port prices simultaneously, the information in these tables demon

strates the separate effects of these two sources of uncertainty.

Tables 21 and 22 give the model solutions for alternative values 

of <J>, the risk aversion coefficient, ranging from 0 to 2.5. The value 

of <J> is interpreted as the risk aversion level of the participants 

in the agricultural sector of Senegal with respect to uncertainty in 

international agricultural prices. In the case of <J> = 0, participants 

aie assumed to be risk neutral and the standard comparative advan

tage solution is obtained. Solving the model for alternative values 

of $ provides information about the effects of different degrees of 

risk aversion on production and on export and import quantities.

From Table 21, as the value of $ increases, the quantities of 

peanut oil, peanut meal, and cotton exported decline. Exports of 

peanut oil and meal fall more rapidly than cotton as <J> increases.

This result is due to the higher coefficient of variation for prices 

of peanut products than for cotton.

The effect of uncertainty in export prices also reduces imports 

of millet and maize, that is, production of millet and maize increase 

due to uncertainty in export prices as compared to the certainty 

' = 0) case. As the value of $ becomes larger, the optimal trade

strategy for Senegal, based upon comparative costs, is to produce 

less of the export crop, peanuts, and more of the import substitute 

crops, maize and millet.
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The effect of risk in international prices of imported commodi

ties on exports and imports is shown in Table 22. As the value of 

$ increases, the effect of uncertainty on the levels of imports of 

wheat, millet, and maize is small as compared to the effect on im

port levels of rice; since rice is the more risky import commodity

as compared to the other cereals.

Table 23 below presents the model solutions for production of 

rice by region under uncertainty in import prices. Substitution of 

domestically produced rice for imported rice is a key component of 

the Senegalese import substitution policy which is partly defended

on the basis of uncertainty in the import price of rice. In Table

2 3, the production of rice increases very slowly as <J> increases from

0 to 2.5. The small magnitude of this adjustment is due to the 

relatively large cost disadvantage of Senegal in rice production, 

even when a risk premium associated with uncertainty is charged to 

the import price.

Table 23. Comparative Advantage with International Price Risk in 
Import Prices, Area Planted in Rice by Region, Senegal.

Eegion oii-e- II-e- <J> = 1.0 "©■ ii >—* Ul -e- II NJ O <t> - 2.5

Senegal 
Oriental 

Casamance 
Fleuve 
Total

4,740
57,316
6,809

68,865

4,740
57,316
6,809

68,865

4,740
57,316
6,809
68,865

4,740
57,316
6,809
68,865

4,740
59,569
6,809
71,118

4,967 
59,569 
7,890 
72 ,424



Since Senegal is faced with uncertainty in export and import 

prices simultaneously, Tables 24-29 give the solution values for 

prices, production, and export and import quantities under the assump

tion that a cost is associated with uncertainty in the prices of all 

traded commodities. In this case there are two sources of uncertainty.

The value of <J> represents the degree of risk aversion of the participants 

with respect to import as well as export prices. The value of <{> 

for both import and export price risk aversion was assumed to be the

same in the two cases.
f

Table 24 presents the model solutions for export and import 

levels with international price uncertainty. From this table, the 

level of change in exports of peanut products and imports of rice 

as <p increases is about the same as in the previous case in which 

import and export price risk were considered separately. However, 

in the simultaneous consideration of international price uncertainty, 

the levels of imports of millet and corn decrease at a faster rate 

as <p increases than in the previously considered two cases. This in

dicates that with the decrease in the profitability of peanuts (due 

to uncertainty in export prices) and with the higher cost of imports, 

domestic production of millet and maize become more profitable as 

the degree of risk aversion, <j>, increases.

An interesting point in the results of Table 24 is that the im

port levels of maize and millet obtained at the higher levels of risk 

aversion are the same as the import levels obtained in Model II in 

Chapter IV. The results of Model II, the model with interregional 

trade at financial prices, indicated that it was profitable for



“table 24. Comparative Advantage with International Price Risk in Export and Import Prices, Export 
and Import Levels, Senegal.

Commodity
Degree of Risk Aversion

4> = 0 6 = .5 <!> = 1.0 4) =1.5 <!> = 2.0 <J> = 2.5
/ . \ — ̂l o n s j

Imports

Rice 214,335 212,829 202,323 197,742 186,524 183,579
Wheat 90,285 90,285 90,285 90,285 89,857 88,285
Millet 53,456 45,444 42,353 25,906 16,025 16,025
Maize 5,230 4,724 4,117 4,117 4,117 3,529

Exports

Peanut Oil (Crude) 228,220 215,187 206,035 188,062 183,662 183,356
Peanut Meal 368,024 352,462 341,534 320,074 314,820 314,455
Peanut Oil (Refined) 36,800 36,800 36,800 26,800 26,800 26,800
Cotton 13,447 13,348 13,348 12,936 12,937 12,937
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Senegal to produce millet and maize domestically for consumption in 

the interior regions, but that imports are the least cost supply to 

the port. The results in Table 24 indicate that even with a cost 

for risk added on to the prices of imported cereals and on to the 

prices of peanut product exports, it remains profitable to import 

cereals into the regions near the port.

Table 25 gives the model solutions for the area planted to 

each crop in each region. As $ increases, peanut production decreases 

ar.d millet production increases. Production of cotton decreases 

slowly due to the low level of export price risk for this crop.

In addition, rice and maize production increase slowly as <J> in

creases. The slower increase in the production of the latter crops 

relative to millet is due to the cost advantage of millet relative 

to rice and to the greater profitability of imported maize at the 

port.

Rice production in the Casamance also expands slowly as <j> in

creases because the bulk of the land in rice production is swamp 

land and is not suitable for peanut production. However, the model 

results indicate that expansion of upland rice, which does compete 

for land with peanuts, is also limited with international price uncer

tainty. This reflects the relatively great comparative disadvantage 

of Senegal in rice production as compared to peanut production.

The pattern of comparative advantage among regions with inter

national price uncertainty is shown in Table 26 which presents model 

solutions for interregional trade. As <£ increases, the Southern 

Poamxt I'Cv'omos the lo.nst cost Buppl icr of millet to the



Table 25. Comparative Advantage with International Price Risk in Export and Import Prices, Area 
Planted by Region, Senegal.

Commodity
Degree of Risk Aversion

<t> = 0 = 0.5 =  1.0 <t> = 1.5 <|> = 2.0 tj> = 2.5
-Production (Ha.)

Peanuts

Senegal Oriental
Casamance
N. Peanut Basin
S. Peanut Basin
Fleuve
Total

Millet

62,940
120,480
531,296
497,650
11,837

1,224,203

62,940
120,480
530,796
482,614
11,837

1,208,667

62,940
120,480
530,796
442,290
11,837

1,168,343

62,733
120,762
478,371
413,301
11,837

1,087,004

62,671
115,728
478,371
413,301
11,837

1,081,908

62,671
115,342
467,554
413,301
11,837

1,070,705

Senegal Oriental 62,400 62,400 62,400 62,400 62,428 62,428
Casamance 97,293 97,293 97,185 97,360 98,133 98,554
N. Peanut Basin 401,176 401,176 401,176 463,600 453,600 464,408
S. Peanut Basin 314,460 328,913 367,300 396,955 397,727 397,727
Fleuve 94,626 94,626 94,626 94,626 94,626 94,626
Total 969,955 984,408 1,002,687 1,104,981 1,106,514 1,117,743

Cotton

Senegal Oriental 12,170 12,171
Casamance 18,100 18,100
S. Peanut Basin 6,500 6,500
Total 36,770 36,770

12,170
18,100
6,500
36,770

12,150
17,000
6,500

35,650

12,150
17,000
6,500
35,650

12,150
17,000
6,500

35,650

(Continued)



Table 25.(Continued)

Corsnodity
.Degree of Risk. Aversionoii-e- <f> = 0.5 or—iii <J> = 1.5 <> = 2.0 <{> = 2.5

\na.; -
Maize

Senegal Oriental 23,958 23,676 23,676 23,676 23,958 23,676
Casamance 15,387 15,387 15,387 15,500 15,500 15,500
S. Peanut Basin 5,882 5,882 7,237 7,237 6,955 8,000
Fleuve 15,395 15,395 15,395 15,387 15,387 14 ,295
Total 60,622 60,340 61,695 61,800 61,800 61.471

Rice 

Senegal Oriental 4,740 4,740 4,740 4,967 5,000* 5,000*
Casaiaance 57,316 57,316 57,316 59,569 61,891 61,871
Fleuve 6,809 6,809 6,809 6,809 6,809 7,890
Total 68,865 68,865 68,865 71,347 73,700 74,761



Table 26. Comparative Advantage with International Price Risk in Import and Export Prices, Inter
regional Trade, Senegal.

Degree of Risk Aversion
Commodity <t> = 0 . * = .5__ (j) = 1.0 <t> = 1.5 <J> = 2.0 $ = 2.5

-(Tons)-----------
Millet—

Senegal Oriental 0 0 1,200 1,200 1,200 1,200
Casamance 0 0 1,500 1,500 1,500 1,600
N. Peanut Basin 0 0 0 14,367 13,505 9,895
Fleuve 0 0 0 0 0 3,000

Kaize^-/

N. Peanut Basin 1,478 1,478 1,478 1,478 1,478 959

Maize—^

N. Peanut Basin 0 0 522 522 522 1,040
Senegal Oriental 0 400 400 400 208 400

& /— From S. Peanut Basin.
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Northern Peanut Basin, Fleuve, Senegal Oriental, and the Casamance.

The Cap Vert region continues to import millet even at a value of 

<f> = 2.5. Thus, the model results indicate that with international 

price uncertainty, it can be profitable for Senegal to supply millet 

to the interior regions from domestic sources, but imports continue 

to be the least cost source of supply in the Dakar area.

This same conclusion applies to the regional production and 

supply of maize. As <f> increases, domestic production of maize in 

the Southern Peanut Basin increases, and it becomes profitable to 

transfer maize from the S. Peanut Basin to the Senegal Oriental and 

the Northern Peanut Basin. However, imports remain the least cost 

source of supply of maize in the Dakar area.

Tables 27 and 28 present the model solutions for implicit pro

ducer prices and urban prices for alternative values of <{> . From 

these two tables, it appears that as the value of the risk coeffi

cient increases, the returns to peanut and cotton production decline. 

This effect was predicted in Chapter III in Equation (13) . According 

to this equation,

-i/o 1
(13) R = *Ei0ii + ZV a • <i - 1. .... »

i J ik (k = 1, ... , p)

where all variables are defined previously on page 53. This equation 

states that, with uncertainty in export prices, the marginal domes

tic cost of production of the export commodity plus the risk cost 

associated with the export price equals the expected export price in 

equilibrium.



(13') - CIE.E o ]'1/2 + R - EV a • (1 = 1......H)
i j (k = 1, ..., p)

This equation states that the marginal valuation («= cost) of the ex

port product will equal the expected export price less the subjective 

risk cost under conditions of price uncertainty. Thus, as <fj Increases, 

the returns to peanut and cotton production declines.

From Table 27, the effect of international price uncertainty on-*V,I
imported commodities is to increase the subjective import price to 

Senegal. Recalling equation (14) from Chapter III, this equation is 

written as

1- 1 / 2  1

Alternatively, (13) can be written as

(14) M± + 4 ! ^  [Z ItIl0ll] = Cik • Vjkajk (k - 1, p)
i J v.1 > • • • »

.his equation states that the marginal cost of imports will be increased 

:y the subjective risk cost associated with importing. The import 

trices for rice, wheat, maize, and millet into Cap Vert increase as

4 becomes larger.

The implicit producer prices of millet and maize, which are gener

ated from domestic production in the interior of Senegal, tend to 

decrease as <J> becomes larger. This effect is due to the decrease in 

the opportunity cost of production of these cereals in terms of pea

nuts and cotton as $ becomes larger. In the Fleuve, where no cotton 

:s produced and peanut production is marginal, the implicit producer 

price for rice increases.



Table 27. Comparative Advantage with International Price Risk in Import and Export Prices, Urban 
Prices, Senegal.

Degree of Risk Aversion
Commodity <f> = 0 <J> - .5 4> = 1.0 cf> = 1.5 <{> = 2.0 <{> = 2.5

_ _____ ( r v A/Vo  ̂ ________ -

Peanut Oil 228.000 221.415 214.823 208.231 201.639 195.046

Cotton 330.207 321.761 313.316 304.871 296.426 287.981

Rice^

Cap Vert 64.518 68.407 72.297 76.187 80.077 83.966
a /Wheat Flour—

Cap Vert 86.696 88.070 89.445 90.819 92.194 93.568

Millet-/

Cap Vert 86.856 87.590 88.324 89.057 89.781 90.525

Maize^

Cap Vert 84.689 85.292 85.895 86.498 87.102 87.705
i

at— Totally imported.



Table 28. Comparative Advantage with International Price Risk in Export and Import Prices, Implicit 
Producer Prices, Senegal.

Commodity
Degree of Risk Aversion

(J) = 0 e- II Cn d> = 1.0 d> = 1.5 6 = 2.0 <t> = 2.5

Peanuts
All Regions 55.775 53.025 50.275 47.526 "44.776 42.027

Millet
Senegal Oriental 65.780 62.575 60.191 61.109 60.329 56.649
Casamance 59.752 57.331 54.909 52.487 49.709 46.777
N. Peanut Basin 58.163 54.023 49.883 45.972 44.090 42.208
S . Peanut Basin 45.791 41.932 38.073 37.339 36.220 34.338
Fleuve 59.146 56.891 54.191 51.620 48.971 46.166

Cotton
Senegal Oriental 89.948 87.216 83.425 79.633 75.842 72.050
Casamance 38.703 84.912 81.121 77.330 73.540 69.749
S. Peanut Basin 92.786 88.995 85.203 81.412 77.620 73.829

Maize
Senegal Oriental 53.052 50.791 49.179 50.174 49.825 47.190
Casamance 47.743 44.957 42.591 40.225 37.854 35.427
S. Peanut Basin 44.658 41.909 39.159 38.620 37.866 36.534
Fleuve 39.601 40.198 39.236 38.727 37.943 36.611

Rice
Senegal Oriental 47.290 44.857 42.706 41.781 ,̂44 .698 47.616
Casamance 50.980 50.714 50.490 50.266 49.889 49.514
Fleuve 33.163 33.656 34.148 34.641 35.133 40.771
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Shadow prices generated by the model under international price 

uncertainty are shown in Table 29. In general, the effect of inter

national price uncertainty is to decrease the returns to land and 

fertilizer, with the exception of land cultivated in rice.

From Table 29 it is apparent that additional investment in land 

planted to rice is only profitable at the higher levels of risk aver

sion. At a value of <J> = 1.0, the shadow price of swamp land with 

partial water control in the Casamance becomes larger than the annual

ized investment cost. At a value of <t> = 2.5, the shadow price, of 

double crop irrigated rice land in the Fleuve becomes larger than 

the annualized investment cost. At higher levels of risk aversion, 

improved upland rice production In the Senegal Oriental and improved 

cultivation of swamp rice also appear to be profitable.

The shadow prices for land in rice production indicate that, 

with price uncertainty and risk aversion, rice is more profitable 

to produce in Senegal than in the certainty (<j) = 0) case. The model 

results also indicate that improved and irrigated swamp land rice 

production in the Casamance, improved upland rice in the Senegal 

Oriental, and double crop irrigated rice in the Fleuve are the most 

profitable techniques of production in the rice producing regions.

Uncertainty in International Prices and in 

Domestic Supplies of Export Products

Arguments for self-sufficiency programs by LDC’s are made not 

only on the basis of uncertainty in international prices, but also on 

the basis of uncertainty In the value of export earnings available to



Table 29. Comparative Advantage with 
Prices of Fixed Resources,

International 
Senegal.

Price Risk in Export and Import Prices, Shadow

Degree of Risk Aversion
Resource 4 = 0 -e- II o Ui or—I 11-e- 4 = 1.5 <J> = 2.0 <*> = 2.5

( PP A /Vi o N_____
Upland 
Senegal Oriental 22,498 20,943 19,387 18,553- 17,348 15,510
Casamance 26,072 24,235 22,398 20,561 18,452 16,232
N. Peanut Basin 11,644 9,885 8,125 6,683 8,043 9,402
S. Peanut Basin 9,371 7,052 5,632 3,763 2,607 1,783
Fleuve 8,979 7,410 5,891 4,372 2,852 1,333

Swampland (Casamance)
Improved Manual 0 0 0 2,020 5,461 11,421
Manual 0 • 0 0 0 0 0
Partial Water Control 4,121 13,440 22,759* 32,077 41,100 49,280

Irrigated Land (Fleuve)
Partial Control 0 0 0 0 0 0
Full Control (Delta) 0 0 0 0 0 3,236
Full Control 10,701 20,207 29,713 39,219 48,725 58,231
Double Crop 38,584 60,662 82,750 104,833 126,920 148,999*

(Continued)

'i



Table 29. (Continued)

Resource
Degree of Risk Aversion

= 0 = 0.5 = 1.0 = 1.5 = 2.0 = 2.5
^LrA/Kg;

Fertilizer (18-8-27)
Senegal Oriental 172.3 163.6 155.0 147.5 ~ 139.4 130.3
Casamance 81.5 77.1 72.7 68.3 65.1 65.1
N. Peanut Basin 63.5 61.3 61.3 61.3 61.3 61.3
S. Peanut Basin 178.0 168.0 158.0 148.0 138.8 130.0
Fleuve — — - ” "™

Fertilizer (14-7-7)
Senegal Oriental 247.4 230.3 213.2 183.9 160.9 148.6
Casamance 87.4 82.2 77.1 72.0 65.9 65.1
N. Peanut Basin 81.7 74.6 67.6 61.3 61.3 61.3
S. Peanut Basin 70.0 64.1 61.7 61.7 61.7 61.7
Fleuve — — — — - -

l,trK/ na; —Cotton Land
Senegal Oriental 0 0 0 0 0 0
Casamance 3,733 2,457 1,181 0 0 0
S.'Peanut Basin 35,410 35,019 34,628 34,237 32,914 31,156

Rice Land (Improved)
Casamance 0 0 0 0 0 0
Senegal Oriental 0 0 0 0 8,051 18,039

* Indicates shadow price is greater than the
/

one year annualized investment cost.



pay for imports. In this section, the comparative advantage of Sene

gal under conditions of import price uncertainty and uncertainty in 

export earnings will be analyzed. In the case of uncertainty in 

the value of export earnings, there are essentially two sources of 

uncertainty, i.e., uncertainty in export prices as well as uncertain

ty in the domestic production of export crops. For Senegal, this 

latter form of uncertainty is very important because domestic pro

duction of peanuts as well as cotton is highly variable by year.

The inclusion of domestic production risk for export products
i  ̂

involves the addition of a new risk parameter, X, to the analysis.

The value of X represents the degree of risk aversion of the partici

pants in the agricultural sector of Senegal toward uncertainty in 

domestic production of export products. It was assumed that the same 

value of X would apply to both peanut and cotton production and that 

the value of <{> was equal to the value of X in all model solutions.

Table 30 below presents the coefficients of variation for pro

duction in crops in Senegal by region. As can be seen from this 

table, the variability of production depends upon the crop and region 

of production. The Fleuve appears to be the riskiest region of 

production and maize appears to be the riskiest crop to produce in 

Senegal. The Casamance and the Southern Peanut Basin are the least 

risky regions in which to produce peanuts, whereas the Senegal 

Oriental is the least risky region for producing rice and cotton.— ^

-- The time series data on rice production in the Fleuve from which 
the coefficient of variation was estimated do not include the risk- 
reducing effect of full water control irrigation. Full water con
trol irrigated areas have been in operation for only a few years 
in the Fleuve, so that the time series data on rice production 
only includes years for which production was largely from the 
areas in partial water control.
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Table 30. Coefficients of Variation for Production of Crops in 
Senegal by Region, 1968-1976.

Crop
Region Maize Rice Millet Peanuts Cotton

Senegal
Oriental .404 .291 .309 .308 .166

Casamance .520 .441 .145 .167 .332

S. Peanut 
Basin .640 — .320 .259 .347

N. Peanut 
Basin i — — .387 .490 -N

Fleuvfe .646 .438 .506 .887 -

Sources: [34, 32].

Table 31 presents the model solutions for export and import levels 

under conditions of international price and export supply uncertainty. 

Under these conditions, with the exception of maize at $ ■ X ■ 1.0, 

imports of millet and maize are zero. Rice imports decline to a 

lower level than in the case of international price uncertainty. At 

higher levels of - X, net expected foreign exchange earnings for the 

agricultural sector become negative.

The production of rice for the case of uncertainty in international 

prices and in export quantities is shown in Table 32 below. In this 

case, production of upland rice in the Senegal Oriental increases 

faster than in the previous international price uncertainty case.

Rice production in the Casamance decreases for increasing values of 

 ̂* X. This result is due to the substitution of improved upland



Table 31. Comparative Advantage with Risk in International Prices and Export Quantities, Export 
and Import Levels, Senegal.

Commodity

Degree of Risk Aversion
= 0 =  1.0 = 1.5 =  2 . 0

Ir.oorts
(tons)

Rice 
Wheat 
Millet 
Ma i z e

214,335
90,285
53,456
5,230

212,323
90,285

0
0

199,698
90,285

0
2,512

197,698
90,285

0
0

186,524
89,857

0
0

175,451
88,285

0
0

Exports

Peanut Oil (Crude) 228,200 107,608 63,236 27,902
Peanut Meal 368,024 224,010 171,028 128,838
Peanut Oil(Refined) 36,800 36,800 36,800 26,800
Cotton 13,447 10,869 7,278 5,869

1,001
96,717
26,800
4,571

0
81,018
15,138
1,442

Net Foreign Exchange 
(107 CFA) 3,301 1,416 600 -250 -704 -999



I
Z & zle 32. Comparative Advantage with Risk in International Prices and in Export Quantities, Area 

Planted in Rice, by Region, Senegal.

Degree of Risk Aversion

ii o ♦ = 5 X { ■ 1 -° X ■ !-5 t = 2.0 A X ■ 2-5

Senegal Oriental 4,740 4,740 5,000*
■\na.; - -

5,000* 5,000* 5,000*

Casamance 57,316 55,273 50,819 50,905 50,819 64 ,431

Fleuve 6,809 6,809 6,809 6,809 6,809 7,890

Total 68,865 66,822 62,628 62,714 62,628 77,321

* Upper bound 1975/76.



rice for traditional swamp rice. At a value for = X = 2.5, rice 

production in the Casamance increases to a level higher than the 

previous case. Production of irrigated rice in the Fleuve is the 

same as in the previous case.

Shadow prices for land cultivated in cotton nnd rice are shown 

in Table 33. In general, the results of this table show that up-

I and rice in both the Senegal Oriental and the Casamance and swamp 

lice under partial water control are more profitable than in the 

price uncertainty case. Cotton profitability declines with export
I ***<

:roduction uncertainty. Irrigated rice in the Fleuve is largely un

affected .

The regional pattern of production in the case of price and 

domestic export supply uncertainty is best explained from analysis 

cf Tables 34 and 35 which present model solutions for implicit producer 

prices and interregional transfers. Since uncertainty in production 

cf export commodities was entered in the model by region, comparative 

advantage tends to shift across regions as the value of <f> = X in

creases. For millet, at low levels of <p = X , the Southern Peanut 

iasin is the least cost supplier of millet to all regions except the 

Cap Vert and Northern Peanut Basin. At higher values of <f> = X, the 

forthern Peanut Basin becomes the supplier of millet to all of the 

regions. This result is due to the fact that, with the exception of 

the Fleuve, the Northern Peanut Basin Is the riskiest supplier of 

peanuts for export due to the low mean level and high variability 

of rainfall from year to year.



Table 33. comparative Advantage w±Lh Risk in International Prices and in Lxport Quantities, Shadow 
Prices for Land Planted in Rice and Cotton, Senegal.

I■

Crop

Degree of Risk Aversion

y 
-e-
 

II o t = -5 1 -  2-°  ̂= 2 5  X
- ( CVA \• \\*>L/ na • )

Rice —
Swamp 0 0 0 0 0 0
Swamp(Improved) 0 0 5,268 9,511 14,162 17,401
Swamp(Partial
Control) 4,121 17 ,792* . 31,772 40,052 48,608 55,260
Upland Improved
(Casamance) 0 0 2,102 14,674 34,320 33,518
Upland Improved
(Senegal Oriental) 0 0 7,867 22,125 21,433 44,708
Irrigated (Partial
Control) 0 0 0 0 0 0
Irrigated (Full
Control Delta) 0 0 0 0 0 3,248
Irrigated (Full
Control) 10,701 13,255 24,004 35,559 46,170 54,995
Irrigated (Double
Crop) 38,584 61,070 83,082 105,046 127,064 145,750*

Cotton
Senegal Oriental 0 0 0 0 0 0
Casamance 3,733 0 0 0 0 0
S. Peanut Basin 35,410 22,921 17,604 9,813 i 4,372 0

* Indicates shadow price is greater than one year annualized Investment cost.

Ln

I



Table 34. Comparative Advantage with Risk in International Prices and Export Quantities, Implicit 
Producer Prices, Senegal.

Degree of Risk Aversion

Crop I >- 
-e-
 

II o t -  -5 ii i-* o ^ = 1 5x • - 2 . 0 ^ = 2 5X• / A /I \

Peanuts
All Regions 55.775 53.068 50.362 47.655 45.507 48.081

Millet 
Senegal Oriental 65.780 37.975 37.139 32.387 32.387 32.387
Casamance 59.752 53.355 44.864 36.809 31.176 27.777
N. Peanut Basin 58.163 28.256 20.765 16.440 16.440 16.440
S . Peanut Basin 45.791 29.308 33.618 44.362 51.263 55.023
Fleuve 59.146 42.064 42.590 41.409 42.223 39.949

Cotton
Senegal Oriental 89.948 87.616 84.223 80.831 77.439 76.954
Casamance 88.703 85.294 81.884 78.475 75.065 74.506
S. Peanut Basin 92.786 89.394 86.002 82.610 79.218 78.733

Maize 
Senegal Oriental 53.052 32.524 32.651 29.783 30.257 30.646
Casamance 47.743 42.086 35.028 27.867 23.450 20.228
S. Peanut Basin 44.658 32.914 36.050 38.936 40.406 40.172
Fleuve 39.601 31.039 31.859 30.024

'i

41.781

31.297 27.725

Rice
Senegal Oriental 47.290 38.210 38.864 44.698 47.616
Casamance 50.980 46.683 41.423 40.953 39.921 41.486
Fleuve 33.163 30.502 33.069 35.636 38.203 40.771 160



Table 35. Comparative Advantage with Risk in International Prices and Export Quantities, Interregional 
Trade, Senegal.

Degree of Risk Aversion

Crop t  ■ 0 * = 5 x x ■ 1-° f = 1.5
A

♦ = 2.0
A x ■ 2 -5

9 (

Millet— ^
Senegal Oriental 0 1,119 0 0 0 0
Casamance 0 1,700 0 0 0 0
Fleuve 0 3,300 0 0 0 0

Millet— ^
Senegal Oriental 0 0 . 1,096 1,096 781 1,000
Casamance 0 0 1,868 1,978 0 0
S. Peanut Basin 0 0 8,791 8,791 8,791 8,791
Fleuve 0 0 3,626 3,636 3,626 3,626
Cap Vert 0 15,384 16,666 16 ,666 16,666 16,666

Maize-^
Cap Vert 0 3,200 0 0 0 0
Casamance 0 700 0 0 0 0

c  /Maize—
N. Peanut Basin 1,418 2,000 2,000 2,000 2,000 2,000
Cap Vert 0 917 917 1,017 0 0

w , d/Maize—
S. Peanut Basin 0 0 0

'i

0 1,898 1,550
Cap Vert 0 0 0 4,118 4,118 4,118

— From S. Peanut u * b/ Basin — From N. Peanut c/Basin — From Fleuve — From Casamance
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Similarly for maize, the Southern Peanut Besin is the least 

cost supplier for maize at low levels of <p = X . At higher levels 

the production of maize shifts to Che Fleuve and the Casamance.

While the Casamance is the least risky supplier of peanuts, at higher 

levels of <$> = X, maize production becomes profitable relative to pea

nut production.

The introduction of risk in both international prices and in pro

duction of export commodities has several interesting implications

for trade policy and production in Senegal. In general, the model
i

results indicate that at low levels of risk aversion, it is socially 

profitable for Senegal to become self-sufficient in millet and maize 

production. The model results also indicate that, if producers have 

an aversion to uncertainty in the production of export crops, pro

duction of peanuts (and cotton) should be concentrated in the regions 

where peanut (and cotton) production is least risky.

Risk in International Prices and 

in Domestic Production

In this section, uncertainty in international prices as well as 

uncertainty in the domestic production of exported commodities and 

import substitutes will be included simultaneously in the analysis 

of comparative advantage in Senegal. There are now four sources 

of uncertainty examined in the analysis, i.e., in export prices, 

import prices, export production, and production of import substitutes 

(cereals).



With the additional assumption, a new risk coefficient is de

fined which measures the degree of risk aversion of the participants 

in the agricultural sector of Senegal towards uncertainty associated 

with domestic production of import substitutes.— It was assumed 

that the risk coefficient for cereals production is equal to the 

risk coefficient for export production. Both of these coefficients 

are equal to X .

The model solutions for export and import levels for the case

of risk in both international prices and domestic production are
f ^

shovrn in Table 36. With the introduction of uncertainty in the 

production of cereals, as <J> increases imports of maize increase.

This result is due to the high variability of domestic production 

of maize relative to other crops in Senegal (cf. Table 30).

From Table 36 millet imports decrease at lower levels of risk 

aversion as compared to the certainty case, but increase at higher 

levels of Thus, at the lower levels of <+>, the effect of the

risk in production and export prices for peanuts dominates, whereas 

at higher levels of <J> , the effect of risk in domestic production of 

millet dominates and imports of millet increase.

Only in the case of rice imports does the model solution value 

of imports decrease as $ = X becomes larger. This suggests that, 

for rice, the combined effect of risk on the international price of 

rice, plus risk in the production and export price of peanut products

—  A risk discount for expected production of cereals was applied 
only to the proportion of production transferred to urban 
demand.



Table 36. Comparative Advantage with International Price and Domestic Quantity Risk, Export and 
Import Levels, Senegal.

Crop

Degree of Risk Diversion

J " 0 J - *5 j ■ i -° i - x-5
o1 OJ II ^ = 2 5x

Imports

Rice 214,335 214,487 204,487 202,487 191,987 190,987
Wheat 90,285 90,285 90,285 90,285 89,857 88,285
Millet 53,456 19,459 22,038 19,459 28,460 51,739
Maize 5,230 6,823 6,541 8,296 9,343 9,227

Exports

Peanut Oil (Crude) 228,200 115,915 64,988 28,462 2,331 0
Peanut Meal 368,024 233,929 173,120 129,507 98,305 81,999
Peanut Oil(Refined) 36,800 36,800 36,800 26,800 26,800 15,927
Cotton 13,447 8,743 6,970 5,585 3,661 1,260

Net Foreign
Exchange

(107 CPA) 3,301 1,430 526 -343 -830 -1,227
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Is greater than the effect of risk on domestic production of rice.

7’he combined effect is to make rice production slightly more profit

able than in the certainty case.

Conclusions

This chapter has examined comparative advantage in Senegal under 

various assumptions regarding the sources of uncertainty in interna

tional trade and under various assumptions regarding the degree of 

risk aversion associated with the different sources of uncertainty.

In general, it can be concluded that, depending upon the degree of 

risk aversion of policy makers, alternative trade strategies for 

Senegal become "optimal" as compared to the trade strategy based upon 

conventional comparative cost analysis. Specifically, depending upon 

the source of risk, the optimal pattern of trade under a comparative 

cost analysis which includes risk shows that the country may be better 

off at a more autarkic position than would be prescribed by conven

tional comparative cost analysis. In this case, domestic import 

substitution programs, such as the one in Senegal, may be economically 

optimal when risk aversion is taken into account.

In the case of Senegal, when risk in domestic production is 

taken into account in addition to international price risk, it is 

not clear that import substitution is the optimal trade policy. In 

this case the optimal policy would depend upon the relative weight

ings of the sources of uncertainty in international trade.

m



CHAPTER VI

SUMMARY, CONCLUSIONS AND SUGGESTIONS 

FOR FURTHER RESEARCH

The previous chapter has attempted to analyze the compara

tive advantage of Senegalese agriculture under conditions of un-
»

certainty. Alternative trade strategies were analyzed based upon 

various assumptions regarding the degree of risk aversion of Senegal

ese policy makers as well as the source of the uncertainty.

This chapter presents a summary of the study and a synthesis of 

tne conclusions and policy implications from the empirical analysis. 

The final section will provide suggestions for further research.

Summary

The traditional theory of comparative advantage demonstrates 

that if every country specialized in the production and export of com

modities in which it is the relatively least cost producer in exchange 

for commodities in which it is a relatively high cost producer, both 

global welfare and the welfare of each trading country would be maxim

ized. However, these implications are derived under the assumptions 

of perfect certainty. Agricultural trade is characterized by two 

forms of uncertainty. First, there are climatic inputs in agricul

tural production which are stochastic and not under the farmer's



control. Moreover, future international prices are uncertain, known 

at best in a probability sense.

The goal of this research was to analyze agricultural compara

tive advantage for a small country in international trade under 

conditions of uncertainty in international trade. Senegal, a small, 

open economy with one dominant export, peanuts, and one dominant 

import, cereals, was chosen for the case study. Traditionally, Sene

gal has exported peanuts and its derivative products, oil and meal, 

in exchange for cereal grains. Most observers have argued that 

this policy was consistent with Senegal’s comparative advantage.

In recent years, however, policy makers in Senegal have promoted a 

policy of substitution of domestic production for imports of cereals, 

especially rice, at the expense of peanut production.

The problem of uncertainty in international trade and its effect 

on the recent trade policy of Senegal was described in Chapter I. 

Chapter II presented a theoretical model of trade under uncertainty 

for a small country. The conclusions of the theoretical model were 

that, when uncertainty is considered as a cost associated with parti

cipation in international trade, the resulting trade pattern for an open 

economy will be different from the trade pattern prescribed on a con

ventional comparative cost basis. Specifically, the results of the 

theoretical model indicated that, with uncertainty, the optimal trade 

strategy for an open economy, based upon comparative costs, may be 

one which is more diversified than would be the case with perfect 

certainty.



Chapter III of this study specified a Duloy-Norton type linear 

programming model of the agricultural sector of Senegal to be used 

for the empirical analysis. This model included risk activities for 

both international prices and domestic risk in international trade. 

Cnapters IV and V of the study presented the results of empirical 

analysis using the model developed in Chapter III. In Chapter IV, 

a conventional analysis of comparative advantage for agriculture in 

Senegal was undertaken using financial or actual prices and by using 

"real" costs which had been corrected for distortions in the-^Senegal

ese economy. Chapter V presented the results of the empirical analy

sis for comparative advantage under alternative sources of uncertainty.

Conclusions and Policy Recommendations

The solutions for the empirical model developed in Chapter III 

indicate the pattern of regional comparative advantage within Sene

gal as well as the pattern of comparative advantage for Senegal 

vis-a-vis the rest of the world. A summary of the major findings of 

the alternative models is as follows:

a) With interregional trade and at the financial prices, the 

model solutions indicate that the Southern Peanut Basin 

is the least cost supplier of millet to the interior re

gions of Senegal. Each region is self-sufficient in maize, 

but the Southern Peanut Basin is also the least cost sup

plier of maize to the Northern Peanut Basin. However, it 

is still profitable to import millet and maize to the Cap 

Vert region (the port of Dakar).
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b) At a price of 90 CFA/kg, the average price for milled rice 

in Senegal in 1975/76, it is profitable to produce rice

on upland and swamp land as well as on the existing full 

water control irrigated structures in the Fleuve. Partial 

water control structures for production of rice do not 

appear to be profitable at the price of 90 CFA/kg of 

milled rice. Investment in irrigated structures for an 

additional hectare of irrigated land is profitable only 

in the Casamance and in converting the partial control 

structures to full control.

c) From the comparative advantage model, in which prices are 

"corrected" to reflect their true social costs, the model 

solution indicates that Senegal has a comparative disad

vantage vis-a-vis the rest of the world in the production 

of millet and rice and a comparative advantage in the pro

duction of peanuts. The comparative advantage solution 

also indicates that Senegal should be self-sufficient in 

maize ln the interior regions, but that imports are the 

least cost supply to the Cap Vert region.

d) The greatest source of international price uncertainty for 

Senegal is in the prices of peanut products (oil and meal) 

and in the import price of rice. Results of the compara

tive advantage analysis under international price uncer

tainty indicate that as the degree of risk aversion in

creases, millet and maize imports to the interior regions
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decline. At the same time, cereals production increases 

at the expense of peanut production, Rice imports also 

decline, although production increases much more slowly 

than for millet as the degree of risk aversion increases.

At higher levels of risk aversion, it appears profitable 

to expand improved and partial water control swamp rice 

in the Casamance, upland rice in the Senegal Oriental, 

and double crop irrigated rice in the Fleuve.

e) When uncertainty in the production of export crops (peanuts 

and cotton) is considered in the analysis along with un

certainty in international prices, millet and maize im

ports are reduced to zero at low degrees of risk aversion. 

Rice production also becomes more profitable, especially 

upland rice in the Casamance and Senegal Oriental.

f) If domestic production risks for import substitutes is added 

to the above-mentioned sources of risk, the pattern of 

comparative advantage becomes unclear. At lower levels of 

risk aversion, imports of millet decline, but they increase 

at higher levels. Maize imports become higher than in the 

comparative advantage case as risk aversion increases.

Rice imports decline as risk aversion increases, indicating 

that the price uncertainty is larger than the production 

uncertainty for this crop.



The results of the comparative advantage analysis under uncer

tainty indicate that the optimal trade strategy for nn open economy 

will differ from the trade strategy prescribed by a conventional, 

comparative cost analysis depending upon the degree of risk aver

sion and the source of uncertainty. The comparative advantage of a 

country will also depend upon the relative weightings that decision 

makers associate with the different sources of uncertainty. For in

stance, in Senegal, at higher levels of risk aversion and uncertainty 

in domestic supplies, the model solution indicates that Senegal should 

import more cereals than in the case in which domestic uncertainty 

in the production of import substitutes is not considered. Since 

the official statements of policy makers in Senegal appear to fa

vor a domestic import substitution program for imports of cereals, 

it would appear that these policy makers place a low weight on domes

tic production uncertainty for these crops and a high weight on inter

national price uncertainty.

The results of the empirical analysis indicate that the optimal 

pattern of trade under a comparative coot analysis which includes 

risk shows that the country may be better off at a more autarkic 

pcsition than would be prescribed by conventional comparative cost 

aralysis. Thus, in effect, free, undistorted trade may not be the 

first best policy for all small countries to follow. Domestic import 

substitution programs, such as the one in Senegal, may be optimal 

from the economic sense when risk aversion is taken into account.

The results of the analysis also suggest that a small trading 

country in an uncertain environment can increase its welfare by
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distorting internal prices away from the international terms of 

trade. In the case study of Senegal, the perceived prices of the 

export products, peanuts and cotton, were decreased and the per

ceived prices for cereal imports were increased by the subjective 

risk cost associated with international trade. Thus, in the pre

sence of international price uncertainty, the country is made better 

off from producing more cereals at the expense of peanuts. This 

vould suggest that government policies which distort internal prices 

away from international prices to reflect the social cost of"Yisk to 

the economy may be optimal from an economic point of view.

In addition to the extent that many LDC’s act simultaneously 

to implement import substitution programs, the rest of the world will 

be worse off.— / Moreover, if these countries impose quantitative 

restrictions or otherwise cut the link between domestic and inter

national prices, greater price instability may result in interna

tional markets. This suggests that commodity agreements or other 

schemes designed to stabilize world commodity prices could play an 

important role in promoting greater international trade among coun

tries as a result of reducing international price uncertainty.

Suggestions for Further Research

The largest problem encountered during the research for this 

study was the difficulty in obtaining the data required for the

-  It is assumed that the small trading country assumption applies 
to each LDC individually, i.e., no one country's actions alone 
can affect the international terms of trade.
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structure of the linear programming model of Senegalese agricul

ture. In this section, a few of the specific data deficiencies of 

the model will be mentioned as well as suggestions for future re

search in the area of international trade under uncertainty.

Since farm level data was not available for this study, the 

basic production data for the model was obtained from largely secon

dary sources. The empirical content of the model can be improved 

when actual farm level data from Senegal are obtained. Farm level 

data for Senegal is currently being collected by the Purdue West 

African Project in the Casamance, Fleuve, Northern Peanut Basin, 

and the Southern Peanut Basin. Incorporation of these data into the 

model could greatly improve its empirical specification.

In addition, more accurate information on labor supply and on 

the elasticity of labor supply could improve the behavior of the 

model. In addition, information on the constraints facing farmers 

or the access to fertilizer and access to agricultural equipment could 

improve the model specification. If the costs of fertilizer access 

were known, these constraints could be removed so that the model solu

tion would determine the optimal fertilizer use.

On the demand side of the model, empirical work is needed to 

relax the assumption of the fixed home demand for rural consumption. 

Provided farm level data is available on the percentage of production 

marketed, rural consumption, and rural income, the elasticity of 

the marketed surplus for home consumption could be estimated.—  ̂ In

— See Krisha [62] and Behrman D-3].
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addition, if estimates of cross elasticities among cereal crops 

were available for the analysis, a more complete analysis of the 

import substitution possibilities for cereals in Senegal could be 

obtained.

An important omission of the model is the lack of information 

on the variability of production in Senegal by crop technology.

This omission is particularly important for analysis of the profita

bility of irrigated rice, especially in the Fleuve. Because full 

control irrigation;structures in the Fleuve have been in production 

only since the 1974/75 crop year, the time series data on produc

tion of rice used to estimate the risk parameter for rice production 

in the region includes primarily production data on partial control 

irrigated rice. Since partial water control irrigated rice is much 

riskier than rice under full water control, an important aspect of 

the profitability of the full water control irrigation has been omitted 

from the study.—  ̂ Future work should concentrate on the risk-reducing 

aspect of this technology of production.

Aside from data deficiencies, the empirical analysis could be 

expanded in two ways. First, it should be remembered that Senegal 

is a "developing” country in the sense that present constraints on 

fertilizer access, cotton production, and on the use of modern tech

niques of production will be relaxed in the future. This model 

aralyzes the comparative advantage of Senegal at one point of time.

• A useful extension of this work would be to analyze the "long run"

%
— While the flow of water on the rice is totally controlled for this 

production, the full water control rice is not risk-free. For 
injst.incr, the l°75/76 crop of SAFP ricc was partly destroyed by 
rats.



comparative advantage of Senegal with the concomittant relaxation of 

tne limiting constraints.

Another improvement in this study would be in the inclusion of 

the international capital market in the analysis. It is recognized 

that many countries finance imports of commodities through loans 

obtained in international financial markets so that Import payments 

can be delayed until the foreign exchange earnings of the country 

have improved. Thus, international borrowing as well as exports is 

a source of foreign exchange to finance imports. A complete analy

sis o£ risk in international trade should include the variability in 

the international interest rates at which countries may borrow foreign 

exchange. However, inclusion of this variable in the analysis is 

clearly beyond the scope of this study.

A final suggestion for further research involves the potential 

usefulness of the basic agricultural sector model developed in this 

study for analysis of agricultural policies in Senegal. While not 

specifically used for this purpose in this thesis, the agricultural 

sector model developed here for Senegal provides an analytical frame

work for analysis of investment decisions, agricultural policies, 

as well as other interventions which the government might wish to 

consider for purposes of development. Thus, further research might 

be concentrated on the use of the agricultural sector model as a tool 

for agricultural policy planning and evaluation of alternative devel

opment goals.
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APPENDIX A

DERIVATION OF ECONOMIC AND FINANCIAL COSTS

This appendix explains the derivation of certain financial and 

economic costs used in the model. The financial costs, which were 

used in Models I and II, are the actual costs charged for services 

of inputs in the 1975/76 crop year. The economic costs, which were 

used in Model III and in the risk analysis, are the estimated "real 

costs" for services of inputs. These latter costs were obtained by 

removing taxes and/or subsidies from the financial costs and by valu- 

ir.g the foreign exchange component of the cost by its shadow price.

Fertilizer

There are several NPK fertilizers used in Senegal for crop pro

duction. The most common fertilizers are 8-18-27 for peanuts, rice, 

maize, and cotton; 14-7-7 and 10-21-21 for millet; and 16-46-0 for 

irrigated rice in the Fleuve. In addition, urea and KC1 are used on 

certain crops in smaller doses. The NPK fertilizer are manufactured 

locally in Senegal, whereas KC1 and urea are both totally imported. 

Both domestic and imported fertilizers are heavily subsidized by the 

government.

The financial price for fertilizer in this study is the cost 

charged to the farmer (prix de cession) by ONCAD in 1975/76. The 

economic cost of fertilizer is the cost price of fertilizer to ONCAD 

in 1975/76 less taxes plus handling costs. The costs are summarized 

in Table A-l,below. Transport charges from Dakar to each region were 

included for the economic cost of fertilizer to each region.
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Table A-l. Fertilizer Prices, Senegal, 1975.

_______________________ Cost_________ .
__________ Economic_______________  Financial

atCost Item FX— Other Total _____
(1975 CFA/kg)

NPK Fertilizer 33.75^ 13.81 49.56^ 16.00

Urea 42.82-^ — 42.82-^ 20.00

KC1 33.00^ — 33.00^ . 16.00

ONCAD Handling — 5.37-^ 5.37 5.37
* ................................  . . . .  -  —  ■ . —  -  —  ■ -  ........................................... ■ —  ■

I
fl/—  FX,as foreign exchange, 

b/—  Assumes 65 percent of total gross-of-tax cost is foriegn exchange. 
Estimated from SONED. Cll9]

c I—  Assumes 100 percent of total net-of-tax cost is foreign exchange.

^ Estimated from ONCAD. [80H 

a/— Assumes tax of 9.89 percent, 
f/—  Assumes import tax of 13.5 percent.
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Chemicals

Chemicals (insecticides, herbicides, and fungicides) are used 

in only a few of the production activities in the model. Insecticide 

(peprothion T.M.) is sprayed on cotton; insecticide (Basudin) and 

herbicide (STAM 34) are used on irrigated rice; and fungicide is used 

for improved peanut seed. These chemicals are all manufactured local

ly in Dakar from imported raw materials. The cost structure for 

these chemicals is summarized in Table A-2, below.

Table A-2. Chemical Prices, Senegal, 1975.

Cost Item

Peprothion

Basudin

SIAM 34

Fungicide
Peanuts)

439

445

814

36

Cost
Economic
Other Total
—  (1975 CFA/kg)- 
169 608

172

314

14

617

1128

50

Financial

675

685

1252

55

a,—  FX = foreign exchange. The foreign exchange component is assumed 
to be 65 percent of the gross-of-tax cost. Estimated from SONED. 
[119]

— Assumes tax of 9.89 percent

-9
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Irrigation Pumping Costs

Water pumping costs were charged to activities for full control 

irrigated rice. These costs include the charges for fuel to power 

the electric irrigation pumps, lubricant, and personnel.

Water requirements per hectare of irrigated rice as well as the 

financial costs per hectare for fuel and lubricant were obtained from 

a study of SONED Cl20D. This study estimates water requirements for
3

full water control irrigated rice to be 15,000 m /hectare during the
3rainy season and 18,000 m /hectare during the dry season at a cost

3 1of 0.68 CFA/m . The economic costs of fuel and lubricants were ob

tained from a 1972 study by Rodts C93U. The tax structure for fuel 

given by Rodts was updated with prices for 1975/76 to obtain the eco

nomic costs for pumping. These costs are summarized in Table A-3 below,

Table A-3. Irrigation Pumping Costs, Senegal, 1975.

Cost
: : * Economic Financial

a /Ccst Item— FX Other Total
- f c v A/Viq *\_____

Fuel— / 5,710 2,919

• v, t\/ na • j

8,629 1 0 , 2 0 0

Lubricant 168 8 6 254 300
C /Personnel— — 2,355 2,355 2,3 55

Total 5,878 5,360 11,238 12,8 55

Q. ^— ' Cost structure is given for single crop, irrigated rice produced 
during the rainy season.

—  Assumes use of diesel oil at 50 CFA/liter.

— Source: [99].
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Agricultural Equipment

Financial Costs

The costs for animal traction equipment packages were obtained 

from ONCAD [180U. The financial costs charged to the model are the 

annualized costs of the equipment valued at the prices charged by 

ONCAD (prix de cession) to the farmers. This equipment is heavily 

subsidized by the government. All equipment is obtained from thr 

cooperative at an annual interest rate of 7 -1 / 2  percent and must be 

paid off in a five-year period.

The equipment used by farmers in Senegal, the costs charged to 

farmers, as well as the cost of the equipment to ONCAD in 1975/76 

are summarized in Table A-4. Horse drawn traction packages in the 

Southern Peanut Basin, Northern Peanut Basin, and Senegal Oriental 

were assumed to include a horse, seeder, hoe, and harness. Oxen 

drawn equipment in these same regions was assumed to include a ^air 

of oxen, Ariana Complete, two seeders, palonnier double, ridger. 

cart, and the veterinary services for the oxen. In the Casaman :e, 

oxen drawn traction was assumed to include a UCF plow, oxen, hoe, 

ridger, seeder, cart, and veterinary services for the oxen.

Economic Costs

Economic costs for agricultural equipment were estimated with 

the following assumptions:

1) The tax and foreign exchange structure for the cost of

agricultural equipment is the same as given in the study by 

Rodts [93], That is, net-of-tax costs are 75 percent of
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the price at the factory at Dakar^ plus net of tax trans

port charges, and the commission charged by ONCAD. The 

foreign exchange component of this cost is 50 percent of the 

price at the factory plus the foreign exchange component of 

the transport charge.

(2) The annual interest charge on the equipment is 11 percent.

©

#

Table A-4. Financial Costs for Agricultural Equipment , Senegal, 1975.

Cost 
Item *

Price
to

Farmer

Actual 
Cost to 
ONCAD

Amortization
(Years)

Annualized 
Cost to ,H /Farmer —

__/I Q7 q ft? A \__________

Seeder 15,042 22,783 5 3,669
Houe Sine 14,276 23,790 5 3,482
Horse 60,000 — 1 0 7,315
Fames s 1 , 0 0 0 1 , 0 0 0 - 1 , 0 0 0

Falonnier
Double 2,135 2,395 5 520
ridger/
Lifter 6,175 6,752 5 1,506

Ariana 49,140 119,776 5 11,985
art (Ox) 

Oxen^-
34,172 60,487 1 0 4,917

c /Oxen Care— 5,725 — - 5,725
UCF Plow 13,071 18,377 5 3,188

a/—  Estimated with an interest charge of 7.5 percent per year.

—  Since oxen can be 
farmer is assumed

sold for meat after 5 years, the 
to be zero.

cost to the

— Source: [1 0 0 , p. VI.34].

- Agricultural equipment is largely manufactured locally in Dakar 
from imported raw materials.
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•Machinery

Financial costs per hour for machinery services supplied to irri

gated rice in the Fleuve are presented in Table A-5. The financial 

cost of machinery services per hectare of irrigated rice were esti

mated from the costs per hour in Table A-5, Column 8 with additional 

assumptions about the time required to prepare one hectare for each 

activity. These costs as well as the actual costs charged by SAED 

in 1975/76 are summarized in Table A- 6  below.

In estimating the cost of the machinery packages, additional as

sumptions were made. For single crop irrigated rice, it was assumed 

t l at

(1 ) soil preparation consists of two passes with the harrow, 

and

(2 ) each hectare is plowed every three years.

It was also assumed that each hectare of rice is mechanically seeded 

and threshed, and the production transported by truck. For rice 

cultivated in the dry season, the above assumptions were maintained 

for machinery costs except in the case of soil preparation which 

requires only one pass of the harrow.

Economic costs for machinery services were estimated with the 

following assumptions:

1) Machinery is totally imported with an import tax of 13.5 

percent;

2) The tax and foreign exchange structure is the same in 1975 

prices as described in the study by Rodts C93]. That is,



Table A-5. Machinery Services Financial Cost/Hour, Senegal, 1975.

(1 ) (2 ) (3) (4) (5) h /  Salary2 -7
(6 ) (7) (8 )

Machinery
Priced

Amorti- 
zation — 4 b/Repairs— Fuel per , 

hour (CFA)—

Machinery
Operator Interest— ^ b/Charges—

Item hrs/years (% of 1 ) (CFA/hr) (% of 1+3) (% of 1 ) CFA/Hour
(1975 CFA)

Tractor:
Fiat 805 3,959,000 6000/5 1 0 0 % 751 150 1 0 % 2 % 2,419
Tractor: 
Fiat 480 1,359,000 6000/5 1 0 0 % 352 150 1 0 % 2 % 977
Seeder 338,000 1200/5 1 0 0 % --- --- 1 0 % 2 % 636
Plow 986,238 3000/5 1 2 0 % --- --- 1 0 % 2 % 812
Harrow 618,000 3000/5 1 2 0 % --- --- 1 0 % 2 % 510

Truck 2 ,0 1 0 , 0 0 0 6000/5 0 0 % --- ---  ̂<*• 
«. A> 610

Thresher
(Borga) 2,395,500 5000/8^

0  /70%- 78.2 150 1 0 % 2 % 1 , 2 0 1

-  Source: Unpublished data, SAED/Nlanga Office.

— Source: [98]

— Assumes use of gas oil at 68 CFA/liter.

— Source: [39, p. 162]

— Source: [73, p. 406]



Table A-6. Machinery Services Financial Cost per Hectare, Senegal, 1975.

Activity Tractor a/Hours/Ha.—
Repairs/Ha.— / 

(CFA)
Total 

Cost/Hectare
SAEd Price 
per Hectare—

"

Plow Fiat 805 3 h 50 170 13,060 8 , 0 0 0

Seed Fiat 480 1 h 170 1,783 3,500

Harrow Fiat 805 1 h 40 170 5,175 5 , 0 0 0

Transport Fiat 480 1 h - 1,757 —

Thresh Borga 6 h 30^ - 7,807 2 0 , 0 0 0

— Source: [96, p. 3]

—/ Source: [97, p. 6 ] The cost of repairs is attributed to the small tractor which services the other
tractors while in use. This cost is PCx.75/7 where PC is the hourly cost of the small tractor plus
the truck.

— Source: [96, p. 8 ]

— Source: [39, p. 162]. The FAO estimate is 700 kg./hour.
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the net-of-tax price of gas oil is 33 percent of the 

cost price, and foreign exchange costs are 2 1  percent of 

the gross-of-tax cost.

3) The annual interest charge on the machinery component is 

1 1  percent.

Irrigation Investment Costs

Fleuve

The estimated financial costs for investment in an additional 

hectare of irrigated rice in the Fleuve are summarized in Table A-7. 

This table presents the investment costs for an additional hectare of 

rice with full water control as well as the cost of converting a hec

tare of partial water control irrigated land to full water control.

Economic costs of investment in irrigation in the Fleuve were 

estimated with the following assumptions:

1) The net-of-tax investment costs for the exterior dike, 

irrigation, and earth-moving are 63.5 percent of the cost 

price [115, Annex 9, p. 19]. For the pumping station, 

construction, equipment, and administrative costs, the 

net-of-tax costs are 73.4 percent, 75.0 percent, 86.5 

percent, and 77.0 percent, respectively.

2) The foreign exchange component of the costs of the exterior 

dike, irrigation, and earth moving is 32 percent of the 

gross-of-tax cost Cll6 , Memoire, pp. 4-5]. The foreign 

exchange component of the costs of the pumping station, 

construction, equipment, study and control, and administrative



Table A-7. Financial Investment Costs for Irrigation, Fleuve, 1975.

A. Investment in Full Water Control . .  . .
, Amortization— Interests- Annual Cost3. /Cost Item__________Cost—_________________ (Years)_____________ ( % of cost)___________ per Hectare

------------------------------- ( 1 9 7 5  CFA/Hectare)---------------------------
Exterior Dike 1 0 0 , 0 0 0 50 2 4,000
Pumping Station 1 0 0 , 0 0 0 15 2 " 8,500
Irrigation 600,000 50 2 24,000
Earth Moving 1 0 0 , 0 0 0 2 0 2 7,000
Construction 50,000 2 0 2 3,500
Equipment 180,000 1 0 2 21,600
Study and 
Control 70,000 , 

9,660^-
2 0 2 4,900

Personnel — - 9,660
Administrative 
Costs (SAED) 13,700 _ _ 13,700

Total — - 96,800

B. Investment 

Cost Item

from Partial 

Cost-^

to Full Water Control 
Amortization 

(Years)
Interest

(%)
Annual Cost 
per Hectare

Land Clearing 30,000 2 0 2 2 , 1 0 0

Equipment 1 0 0 , 0 0 0 15 2 8 , 6 6 6

Land Leveling 
Personnel

1 2 0 , 0 0 0  , 
3,645^

2 0 2 8,400
22,811

a /—  Source: [76, p. 7]
—  ̂ Source: [120]
—  ̂Author's estimate from [120]
—  Source: [76, p. 27]
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costs are 69 percent, 23.0 percent, 86.5 percent, 100 

percent, and 70 percent, respectively^

3) Annual interest charges are 11 percent per year.

The economic costs per hectare for investment in full water control 

irrigation was estimated to be 138,494 CFA/hectare. For conversion 

from partial control to full water control, the investment cost was 

estimated to be 27,846 CFA/hectare.

Casamance

The estimated financial cost for investment in a hectare of 

partial water control irrigation in the Casamance is 158,000 CFA/ 

hectare. Assuming depreciation over 20 years and an interest charge 

of 2 percent, the annualized investment charge is 11,060.

The economic cost was estimated under the assumption that the 

net-of-tax cost per hectare is 24 percent of the cost price. In 

ac'dition, it was assumed that the foreign exchange component is 41.4 

percent of the gross-of-tax cost. The estimated economic cost of 

investment per hectare is 16,147 CFA with annual interest charges 

at 1 1  percent.

Transport

Transport charges were estimated from a road map of Senegal 

[52] at the official rates charged by ONCAD for long distance transport

i l l

— Foreign exchange component of the administrative costs is taken 
from E. Weiler [133, p. 205]. All others from [116, Memoire, 
PP. 4-5].
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in 1975/76. These rates are 12 CFA/ton/kilometer on a paved road 

and 17 CFA/ton/kilometer on an improved road.

The financial and economic costs estimated for transport from 

Eakar to each of the regions in the model are summarized in Table 

A- 8  below. These costs are based upon the transport distances to 

an average of the cities within each region. Transport costs be

tween regions outside of Dakar were based upon the difference in the 

distances of the regions from Dakar.—^

In addition to the long distance transport charges, for cereals 

transported between regions a charge for primary transport of 8000 

CFA/ton was included. This charge involves the cost of collection 

of the cereals, transport, and storage for cereals within each region.

Port Charges

Port charges were included for the cereal import activities as 

well as the export activity for cotton. These costs include charges 

for handling, insurance, storage, transit, and other costs which occur 

et the port of Dakar. These costs are summarized in Table A-9, 

below.

—  For instance, the distance from the Casamance to the Southern Pea
nut Basin is equal to the difference in the distances between Dakar 
and the Southern Peanut Basin and Dakar and the Casamance. Costs 
were estimated in this manner because the straight line distance 
between regions outside of Dakar may not be feasible due to lack 
of a good road.
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c<§ Table A-8. Transport Costs, Senegal, 1975.

Cost
Economic Financial

Cost Item FX— 7 Other Total— /
\ X )/ / J Jl ii / L Oil J

Long Distance to 
Transport from 
Dakar to:

is. Peanut Basin 1 , 0 0 0 660 1,660 2 , 0 0 0

S. Peanut Basin 1,250 825 2,075 2,500

Fleuve ( 1,600 1,056 2,656 3 *200

Casamance 3,150 2,079 5,229 6,300

Senegal Oriental 3,500 2,310 5,810 7,000
c /Primary Transport— 

(Cereals) 1 , 0 0 0 6,500 7,500 8 , 0 0 0

Handling^-/ — 800 800 800

a /— Assumes 50 percent of the net-of-tax price is foreign exchange. 
Authors estimate based upon the operating costs per ton kiloiteter 
given in SONED [118, p. 185].

— Assumes the net-of-tax cost is 83 percent of the cost price. 
Author's estimate based upon the net-of-tax cost of transport of 
10 CFA/ton/kilometer used by Bechtel [12, Annex G, p. 10].

r /- Estimate from SONED [118, p. 125].
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% Table A-9. Port Charges, Senegal, 1975.

Cost
Economic Financial

Item FX Other Total
(1975 CFA/ton)

a/Cotton Exports— —  5,160 5,160 5,160

Rice Imports^ —  7,068 7,068 8,160

Maize Exports^ —  5,500 5,500 5,500

Wheat Imports— / —  1,850 1,850 3,822

Millet Imports^ —  5,500 5,500 5,500

a / '— SODEFITEX, unpublished data.

—  ̂Author’s estimate from ONCAD [79]. The financial cost of rice in
cludes taxes and custom duties at the port.

Source: SONED [118]. The
custom duties at the port.

— Source: SONED [118]. The financial charges include taxes and

Maintenance of Irrigation Network

Repair and maintenance costs for irrigation infrastructure were 

charged to activities for irrigated rice. The repair and maintenance 

coefficients were obtained from SONED [120, p. 218] and are as follows

—  canals, drains, dikes: 2 percent

—  electrical/mechanical equipment in the pumping station:
4 percent

—  masonry and/or concrete work: 1  percent.

i
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Cost of Seasonal Laborers

As mentioned in Chapter III, the cost of a seasonal laborer 

’navetane) was assumed to be the yield of a hectare of land in pea- 

lut production plus food for the crop year. This cost is a reason

able approximation because the seasonal laborers do not receive a 

wage, but instead receive a parcel of land in payment for labor ser

vices. Because peanuts are the cash crop and food is provided to the 

navetane, the navetanes typically produce only peanuts on their land. 

The costs charged to the model by region for employment during the 

crop year of one navetane are given in Table A-10 below.

able A-10. Costs for Seasonal Laborers by Region, Senegal, 1975.

________________ Cost_____________________
Food^________Land—/________Total-/
----------- (CFA/laborer)-----------------

I enegal Oriental 2,572 29,050 31,622
Casamance 3,473 33,200 36,673
N. Peanut Basin 2,148 37,350 39,942
S. Peanut Basin 2,592 47,000 49,592
‘leuve — — —

—  Estimated from the norms of cereal consumption given in Ell8 H. The 
CFA cost was obtained by multiplying the norms of cereal consump
tion per person by the producer prices fixed by the government in 
1975/76.

— / Estimated by multiplying the yield of a hectare of peanuts in each 
region by the producer price of peanuts in 1975/76. The yield of 
peanuts used for estimating these costs varied by region with avail
ability of fertilizer and access to animal traction.

c/—  The same price was used for the financial and the economic analysis.

#

Region
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Cost of Domestic Labor

The cost charged to the model for labor in each region, in both 

the economic and the financial analysis, was a reservation wage 

equal to one-half the market wage rate times the number of days 

supplied per laborer. The market wage rate used in the cost calcu

lation varied by regions. In the Casamance, Southern Peanut Basin, 

and Senegal Oriental the wage rate used was 300 CFA/man day. For 

the Northern Peanut Basin and Fleuve, the wage rate used was 250 

CFA/man day. The estimate costs charged for labor by region 'in 

the model are shown in Table A-ll below.

Table A-ll. Costs of Domestic Labor by Region, Senegal, 1975.

Region Cost
(CFA/laborer)

Senegal Oriental 26,250
Casamance 30,000
N . Peanut Basin 18,750
S. Peanut Basin 26,250
Fleuve 20,625

Losses

Losses were charged to cereal and peanut production activities.—  ̂

Tor cereals the loss coefficients reflect losses at the farm level 

£ 8  well as losses in storage. For peanuts, this coefficient reflects

—  ̂A loss coefficient was not available for cotton. However, farm 
level losses are assumed to be small because of the extension 
services offered by SODEFITEX.
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the losses at the farm level. A loss coefficient was also charged 

to cereal import activities to reflect the losses in transport and 

in storage. The losses charged to the model are given in Table A-12.

'able A-12. Loss Coefficients for Production Activities, Senegal,
1975.

'ommodity & /Loss Coefficient—

Millet .15
l!aize . 2 0

Ieanuts .08
Rice ’ . 1 0

Cereal Imports .15 '

-  Source: SONED [118].
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Table B-l. Agricultural Labor Supply for Southern Peanut Basin, Northern Peanut Basin, and Senegal 
Oriental.

a/
Labor Periods—

Number of 
Bays

Number of 
Working Days 
(Permanents)

Number of 
Working Days 
(Seasonals)

Number of 
Working Days 
(Animals)

April 20-June 20 60 48 15 40

June 20-July 31 41 36 36 31.5

August 1-September 15 45 35 35 30

September 15-0ctober 
15i/ 30 25 25 2 0

October 16-November 
2 0 36 31 31 25

— Source: E91, p. 45]
^ t
— This period not included for Northern Peanut Basin.

'i
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Table B-2. Labor Supply for Casamance.

a/Labor Periods—
Number of 

Days

Number of 
Working Days 
(Permanents)

Number of 
Working Days 
(Seasonals)

Number of 
Working Days 
(Animals)

April 10-June 10 60 A8 15 35

June 10-July 20 A0 36 36 30

July 21-September 15 55 50 50 A6

September 16-0ctober 15 30 25 25 2 0

October 16-November 30 A5 38 38 26

— Source: [21, p. 18U

Ip
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Table B-3. Labor Supply for Fleuve.

3 /Labor Periods—
Number of 

Days

Number of 
Working Days 
(Permanents)

June 1-July 30 60 45

August 1-September 15 45 35

October 15-December 1 45 40

’ebruary 1-April 15 70 50

Sources: ClOO, pp. VI 39 - VI 41, Figure VI. 2]
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Table C-l. Per Hectare Crop Input-Output Coefficients by Crop and Technology, Northern Peanut 
Basin.

a /Crop/Technology-'

Labor Periods 
(man/animal/days) 
1 2 3 4 5

Fertilizer
(Kg) Seed Chemicals Yield

NPK Urea (Kg)______ (Kg)___________(Kg)

1. Peanuts/Manual 
Man Labor 18 2 0  2 0 12 100 600

2. Peanuts/Horse Traction
Man Labor 14 10 14
Animal Labor 2 3 2

13
100 100 800

3. Peanuts/Horse Traction
Man Labor 14 11 14
Animal Labor 2 3 2

15
150 100 100 996

4. Peanuts/Oxen Traction
Man Labor 14 17 14 11
Animal Labor 2 7 2 3 150 100 100 1,350

5. Millet/Manual 
Man Labor 21 12 13 400

6 . Millet/Horse Traction 
Man Labor 6

Animal Labor 3 5 450

(Continued)
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Table C-l. (Continued)

a/Crop/Technology—

Labor Periods 
(man/animal/days)
1 2 3 A 5

Fertilizer
(Kg)

NPK Urea
Seed 

. . . (Kg)
Chemicals

(Kg)
Yield
(Kg)

7. Millet/Horse Traction
Man Labor 6 9 9 11
Animal Labor 3 2 2 150 5 800

8 . Millet/Oxen Traction
Man Labor A 9 9 A2
Animal Labor 2 2 2 7 150 100 5 1 ,A00

a /— Sources: [64, 91, 109 8 8 , 89], Also, personal communication with Dr. J. Dirck Stryker, 
Fletcher School of Law and Diplomacy, Tufts University.
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Table C-2. Per tlecLare Crop input-Output Coefficients by Crop and Technology, SouLhern Peanut uasin 
and Senegal Oriental.

Crop/Technology

Labor Periods 
(man/animal/days)
1 2 3 4 5

Fertilizer
(Kg) Seed

NPK Urea (Kg)
Chemicals Yield 
(Kg)_______ (Kg)

Other^
(CFA)

1. Peanuts/Manual 
Man Labor 23 22 20

2. Peanuts/Horse Traction
Man Labor 16 13 15
Animal Labor 3 3 2

3. Peanuts/Horse Traction
Man Labor 16 14 16
Animal Labor 3 3 2

14

15

19
150

100

100

100

100

100

650

900

1,250

4. Peanuts/Oxen Traction
Man Labor 14 19 16 11
Animal Labor 2 7 2 3 150 100 100 1,600

5. Millet/Manual
Man Labor

6 . Millet/Horse Traction
Man Labor 
Animal Labor

7. Millet/Horse Traction
Man Labor 
AniLinal Labor

21 17 16 12

8 10 
3 2

8 17
2 —

8 20
2 —

470

550

820

(Continued) ro



Table C-2. (Continued)

Crop/Technology

Labor Periods 
(man/animal/days)
1 2 3 A 5

Fertilizer
(Kg)

NPK Urea

8 . Millet/Oxen Traction
Man Labor 4 11 8 43
Animal Labor 2 2 2 7 150 100

3/Seed Chemicals Yield Other11

S M _________ (Kg) (Kg) (Kg)

9. Maize/Manual 
Man Labor 12 19 17 20 20 700

10. Maize/Horse Traction
Man Labor 4
Animal Labor 2

11. Maize/Oxen Traction
Man Labor 4
Animal Labor 2

12. Maize/Horse Traction
Man Labor 4
Animal Labor 2

13 12 25
3 1 —

19 12 25 11
8  2 4 6

12 12 20
3 1 —

200

200

20

20

20

1,400

2,000

850

13. Cotton/Horse Traction
Man Labor 6 22 30
Animal Labor 3 1 1

4 75
150 50 55 16.5 1,000 8,000

14. Cotton/Oxen Traction
Man Labor 4 27 10 4 75
Animal Labor 2 6 3 —  3 150 50 55

1,200^ 9,600^
16.5 1,300— 10,400—

(Continued)
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Table C-2. (Continued)

Labor Periods 
(man/animal/days)

Fertilizer
(kg) Seed Chemicals Yield Others-^

Crop/Technology 1  2 3 A 5 NPK Urea (Kg) (Kg) (Kg) (CFA)

15. Upland Rice/Oxen Traction 
Kan Labor 6 20 17 
Animal Labor 2 3 2

18
150 100 1 0 0

2 /
2 ,2 0 0 '̂ 5,382

—  ̂ Southern Peanut Basin 

2/— Senegal Oriental 

3/— Extension costs.

Sources: [64, 91, 109, 8 8 , 89, 87, AO, 106, 105, 107], Also, personal correspondence with Dr. J. 
Dirck Stryker..

213



Table C-3. Per Hectare Crop Input-Output Coefficients by Crop and Technology, Casamance.

Labor Periods Fertilizer , ,
(man/animal/days) (Kg) Seed Chemicals Yield Othei^-

Crop/Technology 1 2  3 4 5 NPK Urea (Kg)______ (K&)_________ (Kg)_______ (CFA)

1. Peanuts/Manual
Han Labor 41 14 18 8  9 100 ~ 1,000

2. Peanuts/Fertilizer
Man Labor 41 15 18 8  9 100 100 1,300

3. Peanuts/Oxen Traction
Man Labor 15 16 25 25
Animal Labor 1 7 4 2 150 100 100 . 1,500

!' • i
4. Millet/Manual

Man Labor 15 17 28 15 —  5 925

5. Millet/Fertilizer
Man Labor 15 18 28 15 150 100 5 1,300

6 . Millet/Oxen Traction
Man Labor 17 18 13 20
Animal Labor 1 7 4 1 150 100 5 > 1,600

7. Sorghum/Manual
Man Labor 4 20 25 10 15 5 875
Animal Labor >

(Continued)



iable C-3. ^Continued)

Labor Periods Fertilizer .
(man/animal/days) (Kg) Seed Chemicals Yield Other—

Crop/Technology 1 2 3 A 5 NPK Urea (Kg)___________(Kg)_______(Kg)________ (CFA)

8 . Sorghum/Oxen Traction
Man Labor A 17 10 5 20 150 100 5 ~ 1,600
Animal Labor 1 7 3 1 2 150 100 5 1,600

9. Maize/Manual
Man Labor 10 25 15 20 1,000

10. Maize/Oxen Traction
Man Labor 10 12 20
Animal Labor 1 5 2 150 100 20 2,300

11. Cotton Manual
Man Labor 15 A0 AA 31 6  150 50 16.5 1,000 8,000

12. Cotton/Oxen Traction
Man Labor 15 17 19 15 6

Animal Labor 6  A 2 —  150 50 16.5 1,AA0 11,200

13. Rice/Manual
Man Labor A0 26 62 —  18 80 1,080

1A. Rice/Manual.
Man Labor 63 20 53 25 200 100 A0 > 1,800

(Continued^



Table C-3. (Continued)

Labor Periods 
(man/animal/days)

Fertilizer
(Kg) Seed Chemicals Yield Other^

Crop/Technology 1  2 3 4 5 NPK Urea (Kg). .(Kg) (Kg) (CFA)

15. Rice/Manual/Broadcast 
Man Labor 40 25 50 20 25 2 0 0  1 0 0 40 1,800 5,382

16. Rice/Manual/Partial Water 
Man Labor 63 20

Control 
53 25 250 150 80 3,200 15,822

17. Upland Rice/Manual
Man Labor 12 90 25 50 550

18. Upland Rice/Oxen Traction 
Man Laboar 12 35 
Animal Labor 1 7

25 25 
2 2 150 100 80 2,500 5,382

— Extension costs.

Sources: [21, Annex I, pp. 85-101, 101, 105, 106]. Also, personal communication with Dr. J. 
Dirck Stryker.



labie 04. Per Hectare Crop Input-Output Coefficients by Crop and Technology, Fleuve.

Crop/Technology

Labor Periods 
(man/days) 

1 2  3 4 NPK Urea KC1
Seed
(Kg)

Chemicals
(CFA)

Machinery
(CFA)

Other^
(CFA)

Yield
(Kg)

Peanuts/Manual 31 25 18 1 0 0 £ 0 0
Millet/Manual 2 1 25 25 5 330
Sorghum/Manual 14 63 5 430
Maize/Manual 14 28 2 0 575
Rice/Partial
Water Control 1 2 38 42 150 1 2 0 2 0 , 0 2 0 1 0 , 0 0 0 1,030
Rice/Full Water
Control/Delta 1 2 38 42 150 1 0 0 1 2 0 10,075 23,400 18,817 3,000

Rice/Full Water
Control 1 2 38 42 2 0 0 1 0 0 50 1 2 0 13,205 26,050 18,817 4,760

Rice/Full Water
Control/Double
Crop 54 38 42 50 400 2 0 0 1 0 0 240 25,725 42,572 25,725 9,520

— Includes repairs for irrigation infrastructures and extension costs. 

Sources: [100, pp. VI 16-VI 17, 116, Annex 5, p. 11, 95].
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Tfble D-l. Export and Import Prices, 1975/76.

Exports CFA/Ton

? t anuts 85,173
Peanut Oil (Crude) 154,700 .
Peanut Oil (Refined) 195,275
F< anut Meal 26,463
Cc tton 297,175

It ports

Wheat 41,207
Millet 30,000
Rice . 50,204
Maize 32,207

Source: [33, 34]

Table D-2. Reference Prices for Exports and Imports, 1975/76.

Exports CFA/Ton

Pe anuts 85,173
Peanut Oil (Crude) 154,700
Peanut Oil (Refined) 195,275
Peanut Meal 26,463
Cotton 297,175

Imports

Wheat 38,465
Rice 50,481
Maize 31,709
Millet 30,030

Source: [33, 57]
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Table E-l. International Price Regression Results.

Dependent Variable^

Independent Variable
- Time -

R2a b

Refined Peanut Oil Price 60,978 18,675 .638
(2 .6 6 8 ) (3.890)

Crude Peanut Oil Price 59,271 14,851 .468
(2.377) (2.836)

Pe.anut Heal Price 22,265 1,213 .141
(5.871) (1.523)

Millet Price 15,704 1,735 .572
(6.504) (3.421)

Rice Price 26,694 4,065 .203
(2.405) (1.744)

Wleat Price 15,658 3,204 .714
(4.707) (4,585)

Mcize Price 17,923 1,687 .766
(11.642) (5.218)

Cotton Price 135,042 19,812 .664
(5.877) (4.105)

Cottonseed Price 22,931 2,361 .224
(3.711) (1.819)

Peanuts Price 46,136 7,645 .467
(3.586) (2.829)

“ All variables are in linear form. 

2/— T-values in parentheses.



Table E-2. Regional Domestic Production Regression Results.

Independent Variable

Dependent Variable— a b R

Peanut Production, Casamance 115,166 2,041 -.054
(9.113) (.769)

Peanut Production, S. Peanut Basin 320,435 16,505 .073
(5.214) (1.278)

Peanut Production, N. Peanut Basin 276,408 13,545 -.078
(2.777) (.647)

Peanut Production,Senegal Oriental 23,517 2,240 . 2 0 1

(3.828) (1.736)
Peanut Production, Fleuve 35,222 -166 - . 1 0 2

(2.261) (-.509)
Millet Production, Casamance 108,111 -3,300 .234

« (12.770) (-1.855)
Millet Production, S. Peanut Basin 160,277 6,908 -.026

(4.331) (.8 8 8 )
Millet Production, N. Peanut Basin 276,408 13,545 -.078

(2.777) (.648)
Millet Production,Senegal Oriental 51,148 -1,206 -.077

(5.811) (-.652)
Millet Production, Fleuve 53,270 -3,005 .026

(4.141) (-1 .1 0 2 )
Maize Production, S. Peanut Basin -240 393 .331

(-.285) (2.227)
Maize Production, Casamance 34,164 -3,205 .333

(5.008) (-2.237)
Maize Production,Senegal Oriental 10,697 911 .057

(3.004) (1 .2 1 2 )
Maize Production, Fleuve 7,480 -161 -.129

(2.756) (-.284)
Rice Production, Casamance 78,844 -1,192 -.129

(3.925) (-.282)
Rice Production,Senegal Oriental 1,322 541 .667

(2.117) (4.129)
Rice Production, Fleuve 25,913 -1,845 .208

(5.196) (-1.761)
Cotton Production,S. Peanut Basin 4,600 593 .722

(.760) (4.670)
Cctton Production,Casamance -711 2,056 .807

(-.427) (5.880)
Cctton Production,Senegal Oriental 3,197 1,670 .884

(3.172) (7.888)

— All variables in linear form.

2/— T-values in parentheses.
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APPENDIX F

ESTIMATION OF THE SHADOW 

PRICE OF FOREIGN EXCHANGE

In Chapter II, the formula for estimation of the shadow price 

of foreign exchange (SER) was presented. As will be recalled the 

SER used in this analysis is the reciprocal of the standard conver

sion factor (SCF). The data for estimation of the SER for Senegal

are shown in Table F-l. The SCF for Senegal is calculated for each
i

'ear in the period 1966/67 - 1975/76. The reciprocal of the ten- 

year average SCF (1 t  .8818 or 1.13) is the estimate of the SER.

/or this methodology, see El3 3 ].
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Table F-1. Calculation of the Shadow Price of Foreign Exchange , Senegal, 1975.

(3) (A)
Imports Exports (5) (6 ) SCF

(1 ) (2 ) + Import - Exports Col (1) Col (3) Col (5) -Year M = Imports X = Exports Taxes Taxes + Col (2) + Col (4) Col (6 )
75/76 123,450 98,726 151,540 95,776 222,266 247,316 .893774/75 119,382 93,983 145,082 92,138 213,365 237,220 .899473/74 79,766 43,237 98,886 41,937 122,003 140,823 . 866472/73 70,551 54,412 88,551 52,612 124,963 141,163 .885271/72 60,561 34,707 76,511 33,442 95,268 109,553 .869670/71 53,587 42,182 69,350 40,575 95,769 109,925 .8712
69/70 51,294 31,907 65,290 30,068 83,201 95,358 .872568/69 44,527 37,369 57,748 34,587 81,896 92,335 .886967/68 38,898 33,890 53,351 31,213 72,788 84,564 .860766/67 38,283 36,764 52,359 33,901 75,047 82,260 .9123

Source: [133, Annex F].
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APPENDIX G

ECONOMETRIC ESTIMATES OF 

DEMAND FUNCTIONS

National demand functions for rice, millet, and peanut oi.l were 

estimated by the author for this study using 1 0  years of data cn 

consumption, national income (deflated), and Dakar prices (deflated). 

The results of the regressions are given below in Table G-l.

Table G-l. Econometric 
Senegal.

Estimates of National Food Demand Functions,

Dependent. , 
Variable —

Independent 
= Price =

Variable^/ 
: Income-^ = Trend

a bl b 2 b3 R2

Rice Con-^y 
s jmption —

5.143
(4.290)

-.745
(-2.296)

.400 .322

Peanut Oil 5.287 -1.250 .619 .160 .920
Consumption (3.648) (-5.789) (2.368) (6.807)

Millet 
Cc nsumption

5.536
(13.504)

-.476
(-4.054)

. 2 0 0 .631

— All variables are in log form.

2/— T-values in parentheses.

3/— Dependent variables are on a per-capita basis.

4/ _ _—  Income elasticities for millet and rice were obtained from L118J,
and constrained in rice and millet equations.
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